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Description 

This invention relates to a method of improving the processing properties of isoolefinic homopolymers and copoly- 
mers, especially those commonly known as butyl rubber or isobutylene-isoprene copolymer rubber. The invention also 

s relates to methods for producing such improved processing polymers and the specific molecular criteria which must be 
controlled in order to obtain these improved properties. The invention particularly relates to the achievement of improved 
processing properties by means of controlled and specific modification of the molecular weight distribution of these 
polymers. The term "butyl rubber" as used in the specification and claims means copolymers of C 4 to C 7 isoolefins and 
C 4 to C-,4 conjugated dienes which comprise 0.5 to 15 mole percent conjugated diene and 85 to 99.5 mole percent 

10 isoolefin. Illustrative examples of the isoolefins which may be used in the preparation of butyl rubber are isobutylene, 
2-methyl-1-propene, 3-methyl-1 -butene, 4-methyl-1 -pentene and beta-pinene. Illustrative examples of conjugated 
dienes which may be used in the preparation of butyl rubber are isoprene, butadiene, 2,3-dimethyl butadiene, piperylene, 
2,5-dimethylhexa-2,4-diene, cyclopentadiene, cyclohexadiene and methylcyclopentadiene. The preparation of butyl rub- 
ber is described in United States Patent Application Number 2,356,128 and is further described in an article by R. M. 

15 Thomas et al. in Ind. & Eng. Chem., vol. 32, pp. 1283 et seq., October, 1940. Butyl rubber generally has a viscosity 
average molecular weight between about 100,000 to about 1 ,500,000, preferably about 250,000 to about 800,000 and 
a Wijs Iodine No. (INOPO) of about 0.5 to 50, preferably 1 to 20 (for a description of the INOPO test, see Industrial and 
Engineering Chemistry, Vol. 17, p. 367, 1945). 

The term isoolefin homopolymers as used herein is meant to encompass those homopolymers of C 4 to C 7 isoolefins 

20 particularly polyisobutylene, which have a small degree of terminal unsaturation and certain elastomeric properties. The 
principal commercial forms of these butyl rubber and isoolefin polymers such as isobutylene isoprene butyl rubber and 
polyisobutylene, are prepared in a low temperature cationic polymerization process using Lewis acid type catalysts, 
typically aluminum chloride being employed. Ethyl aluminum dichloride and boron trifluoride are also considered useful 
in these processes. The process extensively used in industry employs methyl chloride as the diluent for the reaction 

25 mixture at very low temperatures, that is less than minus 90°C. Methyl chloride is typically employed for a variety of 
reasons, including the fact that it is a solvent for the monomers and aluminum chloride catalyst and a nonsolvent for the 
polymer product thereby resulting in a slurry. Also, methyl chloride has suitable freezing and boiling points to permit, 
respectively, low temperature polymerization and effective separation from the polymer and unreacted monomers. How- 
ever, it is also possible to conduct such polymerizations in a diluent which is a solvent for the polymer produced, e.g., 

30 pentane, hexane and heptane and mixtures of such solvents with one another or with methyl chloride and/or methylene 
chloride. As will be described later, there are some advantages which can be obtained by conducting the polymerization 
in solution under certain conditions relating to the particular monomers and other reactants employed in the polymeri- 
zation. 

The slurry polymerization process in methyl chloride offers a number of additional advantages in that a polymer 

35 concentration of approximately 30% by weight in the reaction mixture can be achieved, as opposed to the concentration 
of only about 8% to 12% in solution polymerization. Also, an acceptable, relatively low viscosity of the polymerization 
mass is obtained enabling the heat of polymerization to be removed more effectively by heat exchange. Slurry polym- 
erization processes in methyl chloride are used in the production of high molecular weight polyisobutylene and isobuty- 
lene-isoprene butyl rubber polymers. 

40 United States Patent Numbers 4,252,710, 4,358,560 and 4,474,924, disclose methods for stabilizing against ag- 

glomeration the slurry polymerization product of the isoolefin homopolymers or butyl rubber copolymers polymerized in 
a polar chlorinated hydrocarbon diluent such as methyl chloride, methylene chloride, vinyl chloride or ethyl chloride. The 
significant advance of slurry stabilization disclosed in those patents is achieved by the use of a stabilizing agent being 
(i) a preformed copolymer having a lyophilic, polymerization diluent soluble portion and a lyophobic polymerization diluent 

45 insoluble portion, the lyophobic portion being soluble in or adsorbable by the product polymer and the stabilizing agent 
being capable of forming an adsorbed solubilized polymer coating around the precipitated isoolefin homopolymer or 
butyl copolymer to stabilize the slurry, or (ii) an in situ formed stabilizing agent copolymer formed from a stabilizer pre- 
cursor, the stabilizer precursor being a lyophilic polymer containing a functional group capable of copolymerizing or 
forming a chemical bond with the product polymer, the functional group being cationically active halogen or cationically 

50 active unsaturation, the lyophobic portion of the stabilizing agent being product polymer, the stabilizing agent so formed 
being capable of forming an adsorbed solubilized polymer coating around the precipitated product polymer to stabilize 
the product polymer slurry. 

Various classes and specific types of useful stabilizing agents are disclosed and exemplified, some of which produce 
substantially gel free polymers and others of which produce gelled polymers under various polymerization conditions. 
55 Some of the stabilizing agents disclosed may be useful herein under appropriate, defined conditions, but the criteria for 
distinguishing between those which can be used herein and those which cannot be used were not known or disclosed 
in those patents. In addition, in order to produce the desired polymer with improved properties as disclosed in the in- 
vention herein, the agents must be used in effective concentration in order to produce controlled amounts of defined 



2 



EP 0 320 263 B1 



molecular weight components in the rubber; such critical limitations were unknown in the prior art and were neither 
suggested nor exemplified. Furthermore, alternative means for producing the unique, improved processing polymers of 
this invention are available as will be further disclosed herein. 

In the processing of the rubbers of commerce, it is preferred that they possess sufficient green (uncured) strength 

s to resist excessive flow and deformation in the various handling operations. It is generally believed that green strength 
is related to molecular weight with green strength improving as molecular weight increases. However, it is also desirable 
that in certain applications such rubbers have a rapid stress relaxation rate so that the stresses imposed during forming 
operations relax quickly and the rubber does not slowly change its shape or pull apart due to these undissipated forming 
stresses. Unfortunately, stress relaxation rate is also a function of molecular weight with the relaxation rate becoming 

10 slower as molecular weight increases. Hence, as molecular weight is increased to improve green strength, stress re- 
laxation rate is reduced. Thus, as the rubber becomes better able to resist flow and deformation in the various handling 
operations it becomes more prone to change shape or pull apart due to unrelaxed forming stresses and a compromise 
becomes necessary in which green strength is sacrificed in order to achieve sufficiently rapid stress relaxation in the 
particular end use application. Furthermore, increasing molecular weight in order to increase green strength can make 

15 it more difficult to process the polymer and to disperse fillers and additives. 

It would be desirable to be able to alter the balance between green strength and stress relaxation rate to achieve 
higher green strength without sacrificing relaxation rate or faster relaxation rate without sacrificing green strength. 

It has previously been disclosed that some processing properties of natural rubber can be improved by the addition 
of prevulcanized natural rubber latex into natural rubber (see, e.g., United States Patent Numbers 1,443,149 and 

20 1,682,857); such a product was commercialized in the early 1960's (see, e.g., W. G. Wren, Rubber Chemistry & Tech- 
nology, 34,378,403 [1 961 ]). Similarly, the addition of a gel fraction for achieving processing advantages in styrene-buta- 
diene rubber (SBR) has also been reported (see, e.g., L. M. White, Ind. & Eng. Chem., 37, 770 [1945]); Crawford and 
Tiger, Ind. & Eng. Chem., 41,592 (1949). Other disclosures have also been made relating to the use of SBR crosslinked 
with divinyl benzene (D. L. Schoene, Ind. & Eng. Chem., 38,1246 [1946]) and blends of crosslinked latex with un- 

25 crosslinked latex (O. W. Burke, Jr., British Patent 799,043). In each of these early developments, the benefit disclosed 
was achieved by use of a crosslinked rubber fraction. The means of producing a controlled change in molecular weight 
distribution and the specific nature of the change required were not understood or disclosed, nor was the specific ap- 
plication of such knowledge to isoolefin homopolymers and butyl rubber polymers. 

As noted above, the use of divinyl benzene to effect crosslinking in a rubber has been described. Other references 

30 have similarly disclosed the use of divinyl benzene (DVB) in a butyl polymerization process to obtain a modified product 
with increased resistance to cold flow (United States Patent Number 2,781 ,334); the product is alternatively described 
as soluble in organic solvents and having a relatively low gel content. United States Patent Number 3,1 35,721 is directed 
to a particular process which uses DVB for reducing fouling during start-up of the polymerization process and does not 
disclose properties for any product or distinguish between those products containing very low levels of DVB and those 

35 at higher concentrations. Other references disclose the use of DVB at even higher concentrations to produce polymers 
containing large amounts of gel and so are not particularly relevant to the invention herein (United States Patent Numbers 
2,671,774; 2,729,626; 3,548,080). Finally, a polymerization process patent (United States Patent Number 3,219,641) 
discloses the use of DVB and high boiling equivalents in the range of .01 to 10 weight percent based on total polymer 
to clean a recycle monomer stream before drying. 

40 still other references disclose methods and products in which cationically polymerizable monomers such as iso- 

butylene are grafted to halogenated polymers with reactive halogen such as chlorinated butyl rubber, polyvinylchloride, 
etc. (United States Patent Numbers 3,476,831 ; 3,904,708; and 3,933,942). The objective of these references is to pro- 
duce a copolymer in which a monomer such as isobutylene (or isobutylene/isoprene) is grafted onto a diene polymer 
backbone which may include styrene. However, the references are not directed to the butyl rubber process, the grafted 

45 materials are not essentially butyl polymers as described herein and the method of obtaining butyl polymers with the 
improved characteristics disclosed herein is not disclosed or suggested. Furthermore, the references are particularly 
limited with respect to the nature of the catalyst which can accomplish the grafting process, and ethyl aluminum dichloride, 
a useful catalyst herein, is described as particularly unsuitable for the purposes of these references (see, e.g., United 
States 3,904,708, Example 16). 

50 

SUMMARY OF THE INVENTION 

A composition of matter comprising C 4 to C 7 isoolefin homopolymer rubber, butyl copolymer rubber, halogenated 
butyl copolymer rubber or mixtures thereof, wherein the molecular weight distribution of the rubber or the mixture is such 
55 that the ratio of the moments of the molecular weight distribution, Mz/Mw, is equal to or exceeds 2.0 and that portion of 
the molecular weight distribution which is equal to and greater than 4 times the peak molecular weight, Mp, comprises 
at least 10 percent of the total polymer species and Mp is greater than 250,000 and wherein said polymer species of 
molecular weight less than Mp are substantially branch free. The desired molecular weight distribution is achieved by 
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blending of homopolymers and/or copolymers of appropriate molecular weight and molecular weight distribution and by 
direct polymerization using a functional reagent to introduce branching. The rubbers are substantially gel free and have 
improved green strength and stress relaxation rate which properties are particularly advantageous in applications in 
which butyl or halogenated butyl rubber is used and where it is desired to obtain high green strength in combination with 
s an increased rate of stress relaxation. Such polymers are particularly well suited for use in tire innerliner, tire side wall 
and inner tube compositions. 

DETAILED DESCRIPTION OF THE INVENTION 

10 Polymerization of isoolefin homopolymer or butyl rubber copolymers, e.g. , polyisobutylene and isobutylene-isoprene 

butyl rubber, is well known in the art, as noted above. Various grades of these polymers have been commercially available 
for many years, such products differing in molecular weight and unsaturation (in the case of the isoprene-containing 
copolymer). 

Processes used to produce these polymers include solution polymerization utilizing diluents such as aliphatic hy- 
15 drocarbons, such as pentane, hexane and heptane. Since polymerization is typically conducted at low temperatures, 
generally less than -20°C, typically less than -70°C, preferably less than -90°C, the diluent must be selected with the 
operating temperature in mind in order to avoid freezing. Alternative processes utilize the slurry polymerization method 
wherein the diluent is initially a solvent for the monomers and catalyst; upon polymerization the polymer forms a slurry 
in the diluent. Useful diluents for this purpose include methyl chloride, methylene chloride, vinyl chloride and ethyl chlo- 
20 ride, with methyl chloride being preferred. Mixtures of diluents are also useful, including mixtures of solvent-type and 
slurry-type, for example hexane and methyl chloride. 

Various techniques are available for modifying the molecular weight and/or molecular weight distribution of 
polyisoolefins such as polyisobutylene and butyl rubber such as isobutylene-isoprene rubber. The invention herein is 
directed to achieving improvements in the properties of green strength and stress relaxation of the polymer and com- 
25 positions in which it is used (e.g., inner tubes and tire innerliners); improvements in tack can also be obtained. The 
desired improvements are achieved by modifying the molecular weight distribution in a specific manner and controlling 
the type and extent of branching in the polymer as will be described in detail. 

For the purposes of this disclosure properties have been determined as follows: 

30 |. Green strength/stress relaxation 

A. Sample preparation. Samples can be tested in the neat form (polymer only, typically stabilized against oxidation) 
or in a compounded form containing specific amounts and types of filler (e.g., carbon black), extender (e.g., rubber 
process oil), etc. For the test to be run in tension, tensile pads (6 in. x 6 in. x 0.080 in. 15.24 x 15.27 x 0.2 cm 
35 thickness) are pressed between sheets of Mylar film at a pressure of 1500 psi (12.4 MPa), applied gradually over 

a period of 1 .5 min. and molded at a temperature of 1 50°C for 20 minutes. The mold is transferred to a water cooled 
press and cooled under pressure for 20 minutes. The molded pads are removed from the Mylar and placed between 
polyethylene sheets. Test specimens are cut 0.5 in. wide x 6 in. long (1.27 x 15.24 cm); thickness is accurately 
measured. 

40 b. Testing. Using a tensile testing machine such as an I nstron® tester, a sample is extended to 100% elongation 

at 20 inches (0.51 m)/minute; green strength is defined as the peak stress at 100% elongation. The sample is held 
at 100% extension and allowed to relax for 4 minutes; the relaxed stress at 4 minutes is recorded. Stress values 
are expressed in psi using the initial sample cross-sectional area. 

C. Stress Relaxation Processability Tester (SRPT). The SRPT test is an alternative means of evaluating green 
45 strength/stress relaxation which measures the compressive stress relaxation of a polymeric sample. A small cylin- 

drical sample (typically 0.5 inch(12.7 mm) diameter and about 0.25 inch (6.35 mm) thick) is compressed in two 
steps. The first step compresses the sample to a thickness of 4.5 mm and in a second step the sample is compressed 
again to a thickness of 3 mm. The first step is for conditioning and preheating the material. During the second 
compression step stress is monitored with time and a reference stress and a relaxation time are measured. The 
50 reference stress (in units of psi) is the stress at a pre-set reference time afterthe second compression. The relaxation 

time is the time between the reference time and the time at which the reference stress decays by a given percentage. 
The reference stress is a measure of the material's ability to resist a quick deformation (similar to a modulus) and 
the relaxation time is a measure of the ability of the polymer molecules to relax from a stressed state. 

55 1. Sample Preparation 
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A. Molding 

A disk of 1 .25 inch (31 .75 mm) diameter and 0.30 inch (7.6 mm) thick is compression molded using the following 
conditions: 

s - Temperature - 200°C for non-halogenated polymers, 1 50° C for halogenated polymers or 1 00° C for filled com- 

positions. 

Preheat sample with no pressure for two minutes. 

Raise the force to 1 5 tons (1 5.2 tonnes) (for a 9 cavity disk mold) and hold the pressure constant for 2 minutes. 
Remove the mold and place it in a water cooled press for 5 to 1 0 minutes under a closing force of 1 5 tons (1 5.2 
10 tonnes). 

B. SRPT Sample 

Between two and three cylindrical samples are cut from the above disk using a 1/2 inch (12.7 mm) die. 

C. SRPT Measurements 

15 Before the test is started, temperature equilibrium is established. A test sample is placed at the center of the com- 

pression chamber and the test sequence is started. After the stress resulting from the second compression stage 
has decayed to the pre-set extent, the reference stress and relaxation time are recorded. Typically, an extent of 
decay from the reference stress of 50% or 75% is used. 

D. Normalization 

20 Green strength and stress relaxation values obtained for various materials can be normalized against a given mate- 

rial. This is accomplished by dividing each resulting reference stress by the reference stress for the standard material. 
The normalization should be done for measurements using idential parameters. However, after normalization, mate- 
rials measured with one or more changes in the test parameters can still be compared if the standard material is 
the same material and was measured with both sets of parameters. For example, if the extent of decay is 75 percent 

25 in one set of tests and 50 percent in another set, both sets can be normalized against the same standard which is 

itself measured under both conditions. Since decay follows an exponential form, a normalized relaxation time is not 
strongly dependent on the extent of decay. 

II. Gel Permeation Chromatography (GPC) Molecular Weight 

30 

A comprehensive description of the theory and practice of the now well known GPC technique can be found in 
"Modern Size-Exclusion Liquid Chromatography, Practice of Gel Permeation and Gel Filtration Chromatography" by W. 
W. Yau, J. J. Kirkland and D. D. Bly (John Wiley & Sons, 1979); further reference to this text will indicate the chapter 
and page of "GPC- Yau." 

35 By way of generalization, GPC is an analytical procedure used for separating molecules by differences in size. The 

procedure as applied to polymers results in a concentration distribution of molecular weights. Most often, concentration 
is determined using differential refractive index (DRI) and the concentration v. time elution curve is related to molecular 
weight by means of a calibration curve based on a "known" standard. Utilizing low-angle laser light-scattering (LALLS) 
photometry in conjunction with DRI, direct determination of molecular weight can be made (GPC-Yau, Chapter 5.12, 

40 page 1 56 ff). Furthermore, the LALLS technique is more sensitive to, and more accurately determines very high molecular 
weight portions of the distribution (e.g., 1 ,000,000 and higher). 

Molecular weight averages can be calculated based on the data obtained from a GPC test (GPC-Yau, Chapter 1.3, 
page 4 ff). The most frequently cited molecular weight averages are: number average (Mn), weight average (Mw) and 
Z-average (Mz). These averages are also referred to as the various moments of the distribution. For a monodispersed 

45 system (in which each molecule has the same molecular weight), the moments would equal one another, but for a 
polydisperse system Mz is greater than Mw which is greater than Mn. Higher molecular weight species have a greater 
influence on the Z and weight averages whereas lower molecular weight species more greatly influence the number 
average. The breadth of the distribution overall as well as parts of it can be characterized by reference to various ratios, 
e.g., Mw/Mn and Mz/Mw; the higherthe values of the ratio, the broader the distribution of molecular weights. Furthermore, 

50 a multimodal distribution can be more accurately characterized by reference to a ratio which incorporates that portion 
of the distribution reflecting the mode of interest. For example, comparison between a polymer with a large concentration 
of a high molecular weight "tail" and the same polymer without such a tail would be more accurately reflected in the 
Mz/Mw ratio. 

When a distribution of molecular weight is present in a polymer composition as a result of, e.g., the blending of two 
55 or more polymers or resulting directly from polymerization, such a distribution will have at least one peak in a plot of 
molecular weight versus concentration. For the purposes of this invention, peak molecular weight, identified as Mp, is 
that molecular weight corresponding to the maximum concentration in the polymer concentration-elution time GPC trace 
(chromatogram). Since GPC instruments do not usually operate with a strictly linear calibration relationship between 
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the logarithm of molecular weight and elution time, such a maximum will be slightly displaced from the maximum in the 
differential weight distribution, dW(M)/d log M. For rigorous comparison between different GPC instruments, it is nec- 
essary that the calibration, log M versus time, be essentially linear in the region of Mp, but minor discrepancies do not 
detract from the basic advance of the present invention. 

s For the case of a chromatogram with multiple peaks (corresponding to multiple compositional elements in the mo- 

lecular weight distribution), Mp is identified as the molecular weight at the local maximum of the major component of 
the molecular weight distribution in the original GPC chromatogram trace. In general, such a major component comprises 
substantially linear molecules. For the purpose of this invention Mp does not correspond to the high molecular weight 
component of the distribution generated by the use of a branching agent during polymerization. Similarly, it does not 

10 correspond to the high or low molecular weight components blended to prepare a final polymer composition. 

Identification of the peak molecular weight (Mp) of the polymer molecular weight distribution is significant because 
another defined characteristic of the distribution is keyed to it; the high ends fraction. For the purposes of this invention 
the high ends fraction of the molecular weight distribution is characterized by GPC analysis and comprises that portion 
of the distribution which is equal to and greater than four (4) times the peak molecular weight, Mp. 

15 The meaning and significance in the field of polymers of the various GPC molecular weight distribution parameters 

as well as solution and neat polymer viscosities and structural parameters are described in "Science and Technology 
of Rubber," edited by F. R. Eirich (Academic Press, 1978); Chapter 3, "Structure Characterization in the Science and 
Technology of Elastomers," G. Ver Strate (hereinafter, Ver Strate, page designation). 

The absolute molecular weights based on GPC analysis are assigned on the basis of an elution time calibration 

20 defined in terms of hydrodynamic volume or on the basis of light scattering intensity. For these two methods the following 
are the appropriate Mark Houwink and scattering parameters, all in tetrahydrofuran at 30°C: 

a) for butyl, ft] = 5.0 x 10~ 4 M- 6 dl/g 

b) for polystyrene, [r|] = 1 .25 x 10~ 4 M- 715 dl/g 

25 

and for specific refractive index increment, 

for butyl, .107 ml/g at 633 nm for the light wavelength. 
For linear molecules an elution time calibration based on commercially available polystyrene samples yields the 
same Mw as from light scattering. 
30 The Mw from light scattering can be used with Mv to calculate a branching index as defined below. The Mw/Mv from 

elution time is also used in that index. This latter quantity is not significantly affected by long chain branching. 

III. Viscosity 

35 

A. Mooney. A complete description of the test equipment and procedure can be found in American Society for Testing 
and Materials Standards, ASTM D1646, "Viscosity and Curing Characteristics of Rubber by the Shearing Disk Vis- 
cometer." Values reported herein will refer in a shorthand manner to the disk size (ML = large), sample warm-up 

40 and test run time (e.g., 1 + 8) and test temperature (e.g., 100°C); ML (1 +8)}100°C. 

B. Solution. Specific values of dilute solution viscosity are not directly reported but rather the calculated value of 
molecular weight based on such viscosity. Tests for butyl and polyisobutylene are performed using diisobutylene 
as the solvent, typically at 20° C and at a concentration in the range of 0.5 to 1 .0 milligrams per milliliter. Viscosity 
average molecular weight is calculated using the Mark-Houwink equation: specific viscosity = KMv a where K = 34.4 

45 x 10 -3 , and a = .64 (see Ver Strate, pages 93-95) with specific viscosity in deciliters per gram. 

IV. Branching 

A general discussion of branching can be found in GPC-Yau, Chapter 12.8, pages 399-401 and VerStrate, pages 
50 1 07-1 1 1 . Terms that are frequently used include: 

A. Linear chain. This is generally taken to mean a linear backbone of the homopolymer or copolymer with no 
branches from the backbone. However, a standard, or reference material which may contain a limited number of 
branches will sometimes be referred to as a linear chain. 
55 b. Random branches. Includes short and long chain branching (LCB) which will be stated as such. Although the 

expression is qualitative in nature, long implies molecular weight of the branch which is similar in magnitude to that 
of the linear backbone. 

C. Star branches. Refers to several (typically linear) branches (e.g., 3, 4 or 6) eminating from the same or closely 
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10 



spaced branch point on the backbone. 

Representational figures of branched molecules can be found in the reference Yau at page 450. 
D. Branching Index. In an effort to quantify long chain branching the term branching index will be used. On a theo- 
retical basis, the branching index is a function of the intrinsic viscosity of the branched to the linear polymer on a 
constant basis such as weight average molecular weight. Since for a given molecular weight, a branched molecule 
has a smaller radius of gyration than its linear counterpart, the branching index, g, will be less than 1.0, and the 
lower the value, the more highly branched the polymer. For the purposes of this disclosure the branching index is 
defined as follows: 



(My) son* 



(MW) LALLS • MV GPC 



a/b 



(Mv) SOLN = viscosity average molecular weight measured in diisobutylene and calculated using the Mark-Houwink 
15 equation. 

(Mw) LALLS = weight average molecular weight as determined using a low angle laser light scattering detector in 
a GPC unit. 

(Mw/Mv) GPC = indicated molecular weights as determined by GPC using differential refractive index detector. 

20 a = Mark-Houwink parameter = 0.64 for polyisobutylene and isobutylene-isoprene copolymers 

b = empirically determined parameter = 0.7 ± 0.2 for many polymers; it relates the ratio of the intrinsic viscosity 
of branched and linear polymers of the same molecular weight to the ratio of their radii of gyration. 

For ease of calculation, the exponential power a/b can be treated as equal to 1 . 

25 Green strength, viscosity and elastic memory are important properties affecting the processability of polymers and 

compounds in various end-use applications, e.g., tire fabrication. Tire innerliner compounds, for example, require low 
elastic memory. It would be expected that this property would be enhanced by lower viscosity, but it must be balanced 
against the need to maintain acceptable green strength which directionally increases as viscosity increases. Lower 
viscosity polymers are also preferred for easier mixing and calendering. 

30 As previously discussed, balancing such properties to achieve an acceptable composition is particularly difficult. 

Halogenated butyl rubber, e.g., chlorinated and brominated butyl rubber, has become the material of choice for tire 
innerliner compositions in view of its outstanding air permeability characteristics. With significant effort by rubber man- 
ufacturers and tire manufacturers, compositions have been developed with processing properties acceptable for the 
practical, commercial environment. However, it has been a significant objective to obtain improvements in these prop- 

35 erties, and, in particular, improvements which are not dependent on additional additives or difficult-to maintain process 
conditions. This has been a particularly difficult objective to achieve with compositions containing high percentages of 
halogenated butyl rubber (for example, up to and including 100 percent of the rubber component), which compositions 
demonstrate the best air holding characteristics. 

One means for achieving the improved properties disclosed herein is by blending polymers or polymer fractions of 

40 widely differing and defined molecular weights to produce "tailor-made" molecular weight distributions. This results in 
polymers and polymer compositions with the unique combination of green strength levels attributable to higher molecular 
weight butyl polymers combined with lower viscosity and lower elastic memory (faster stress relaxation) attributable to 
lower molecular weight butyl polymers. 

The effect of blending can be achieved in a direct synthesis process by utilizing the product produced by two or 

45 more polymerization reactors operating in parallel or series or two or more polymerization zones in a single vessel 
wherein the resulting polymers are mixed. In this manner, each zone or each reactor produces a polymer with molecular 
weight and molecular weight distribution characteristics emphasizing specific region(s) of the molecular weight distribu- 
tion of the desired final product. Combining the output of the zones or reactors, the blended product incorporates the 
essential features defined herein. 

50 when blending or direct synthesis means as described are used to achieve the improved properties, the resulting 

polymer will have a molecular weight distribution such that Mz/Mw is equal to or exceeds 2.0, preferably is equal to 2.0 
to 11.0, more preferably 2.5 to 10.0, most preferably 3.5 to 9.0. Where blending means are used it is convenient to refer 
to three polymer components for achieving the desired molecular weight distribution of the blended composition, namely 
a high molecular weight component, a low molecular weight component and a moderate molecular weight component 

55 wherein the sum of the three equals 1 00 percent. Naturally fewer or greater numbers of components differing in molecular 
weight can be used to achieve the same end, but three represent a practical compromise. I n order to achieve the desired 
end result, useful polymer blend components are: 
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Molecular 

Weight Mv Crossl inking 

Component x 10-5 Mv/Mn Functionality * 

(A) High 15-30 (18-27) 1.5-3.0(1.8-2.7) .l-.3(.2) 

(B) Low 1.5-2.5 (1.8-2.2) 3.0-6.0 (3.5-5.0) 1.2-2.2(1.4-2.0) 

(C) Moderate 3.0-4.0 (3.3-3.7) 2.5-5.0(3.0-4.0) .6-.9(.8) 



* For 90% network perfection. 

The values in parentheses are considered preferable to those first expressed. The high molecular weight component is 
blended at a concentration of at least 10, advantageously 10 to 20, preferably 12 to 18, for example 14 to 16; the low 
molecular weight component at 0 to 20 weight percent, preferably 0 to 15, most preferably 1 to 12, for example 2 to 10; 
15 the moderate molecular weight component is employed at a concentration such that the sum of the components equals 
100 percent. 

Functionality (e.g., halogen and/or unsaturation) of the blend component is a consideration where strength of the 
vulcanized or crosslinked composition is a significant factor. Some applications or uses may permit the use of a polymer 
blend in which molecular network perfection is less of an important factor and therefore functionality can be viewed as 

20 a secondary consideration. The contribution of functionality of each component to the crosslinked network will vary 
depending on the molecular weight of the component to be blended e.g., broadly speaking, less functionality is required 
for a high molecular weight component than for a low in order to incorporate each into a crosslinked network. As will be 
shown in the examples, even homopolymer polyisobutylene can be used as a high molecular weight component for 
blending to achieve the desired green strength and stress relaxation in the final mixture. 

25 Since the blending approach allows for selection of composition as well as molecular weight and molecular weight 

distribution of the blended components it is appropriate to describe the method by which selection can be made where 
the final blended polymer is to be crosslinked or vulcanized (cured). In a composition for end use application, cure 
response is an important consideration. The general relationship referred to above is quantitatively defined by equations 
presented in a paper by F. P. Baldwin, et al. entitled "Elastomeric Prepolymers for Adhesives and Sealants Provide 

30 Improved Strength and Versatility" (Adhesives Age, February 1967), incorporated herein by reference: 

- ^ iQQ m ♦ 

r Mn 

35 

where 



1 - Sa 



f = functionality of the polymer, mole percent, 



40 m = average molecular weight of the monomer units making up the chain based on their mole fractions in the polymer 
(for a copolymer such as butyl rubber, substantially polyisobutylene, it is approximately 56), 

Sa = degree of network perfection, i.e., the fraction of network chains which are bounded at each end by a crosslink 
and hence will contribute to the support of stress. 

45 

The equation is an idealized representation since it assumes complete utilization of functionality to crosslinks. By 
way of example, if a low molecular weight, e.g., Mn = 65,500, isobutylene-isoprene copolymer is used, the amount of 
unsaturation required to achieve 90% network perfection is 1 .5 mole percent, whereas a 95% network requires 4.3 mole 
percent. In contrast a copolymer approximately twice the molecular weight, Mn = 127,000 requires unsaturation levels 

50 of 0.8 and 1.7 mole percent, respectively. Using a copolymer of significantly higher molecular weight, Mn = 503,000, 
reduces the necessary unsaturation still further, 0.2 and 0.4 mole percent, respectively. Using this approach, the amount 
of functionality can be readily ascertained and the values exemplified herein can be used as guidelines. 

The presence of branching in compositions prepared by blending of components depends on branching present in 
the component itself. With regard to branching, more is disclosed below. 

55 The polymers of the present invention, hereinafter collectively referred to for the sake of convenience as butyl rubber, 

can also be produced directly during polymerization, e.g., in a single continuous stirred tank reactor. Generally, such 
polymers will have highly branched structures by incorporating, during polymerization, crosslinking or cationically active 
comonomers or agents. These agents are referred to as branching agents and preferably are, or contain, structural 
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features which are soluble in the polymerization diluent. More preferably, such branching agents are used in conjunction 
with, or are themselves, stabilizers for the polymer slurry when such a slurry results, e.g. , butyl rubber in methyl chloride 
(see United States Patents 4,252,710, 4,358,560 and 4,474,924 described earlier). However, the slurry stabilizers de- 
scribed in these patents were recognized as either being chemically inert with respect to the cationic polymerization 

s process (e.g. , substantially fully extractable from the polymer after polymerization) or chemically bonded to the polymer 
(see '924, column 4, lines 43 - column 5, line 7). The disclosure of bonding was limited to the concept of forming an in 
situ stabilizer with the preformed copolymer stabilizer acting as a functional lyophile and the product polymer a lyophobe. 
The prior art was unaware of the concept of using specific types and concentrations of additives as branching agents 
to control molecular weight distribution in order to effect particularly desirable properties in the product polymer. The 

10 present invention discloses a new control variable for producing such preferred polymeric products. 

The introduction of branching, preferably long chain branching, results in a modification of the molecular weight 
distribution, and molecular chain configuration, as referred to earlier. Such changes, if controlled in the manner taught, 
result in advantageous properties and provide a means for achieving these properties. Since branching is introduced 
selectively and in a controlled manner, the lower molecular weight polymer species are substantially branch free, i.e., 

15 those species with molecular weights less than the peak molecular weight, Mp. Based on the branching index equation 
previously defined, substantially branch free means a distribution or a portion thereof which would have a branching 
index value, g, of greater than 0.9. The disclosure hereinbelow and the examples demonstrate the manner in which 
such polymerization selectivity is achieved. 

The nature of the polymerization diluent can have important effects on the polymer produced. Similarly important 

20 is the solubility of the branching agent under polymerization conditions throughout the entire course of the polymerization. 
As butyl is normally produced by slurry polymerization in methyl chloride diluent, the polymer precipitates out of solution 
as it is formed. Consequently, when a branching agent is incorporated, it is removed from solution and may become 
buried within the polymer particle so that the additional sites are no longer available in the solution phase for subsequent 
reaction. The actual branching reactions may be forced to occur within the precipitated butyl polymer in a very different 

25 and much more poorly controlled way than had the branching agent remained in solution. Gel formation is much more 
likely when the reactions occur within the precipitated polymer than when they occur more homogeneously in the solution 
phase. Furthermore, the amount and nature of the gel produced are highly dependent upon the catalyst quenching 
conditions and control is rendered very difficult. Solution polymerization of butyl rubber in diluents such as aliphatic 
hydrocarbons like pentane, hexane, or heptane is advantageous from a control viewpoint, when it is desired to produce 

30 highly branched polymers. Optimum control of the branching reactions is achieved when they are totally effected ho- 
mogeneously in solution and then all catalyst and active species are killed by quenching prior to precipitation of the 
polymer. As noted above, this can be accomplished by polymerizing butyl rubber in a suitable inert diluent which is a 
good solvent for the polymer and the branching agent. However, branched structures, which significantly modify the 
molecular weight distribution, can also be achieved through the inclusion of reactor-diluent-soluble moieties containing 

35 multiple, cationically reactive sites, particularly in conjunction with slurry stabilizers (as previously discussed to prevent 
reactor fouling with insoluble gel). 

Slurry stabilizers stabilize butyl dispersions produced during polymerization in a diluent such as methyl chloride, 
and prevent the mass agglomeration of slurry particles. Hence, slurry stabilizers make it possible to produce dispersed 
butyl particles containing gel in the reactor without depositing fouling rubber containing gel on the heat transfer surfaces. 

40 Through the use of slurry stabilizers it is possible to produce a modified butyl rubber containing as much branching 
and/or gel as is desired in a practical manner without interfering with the ability to wash the reactor in order to prepare 
it for reuse. 

Furthermore, through appropriate choice of the branching agent and the amount used, it is possible to exert con- 
siderable control over the branching process so that the desired changes in molecular weight distribution are achieved. 

45 Since crosslinking agents tend to introduce random long chain branching they modify the entire molecular weight dis- 
tribution of the polymer. On the other hand, soluble moieties containing multiple reactive sites can be used to introduce 
a controlled amount of a high molecular weight branched fraction into the distribution without modifying the entire mo- 
lecular weight distribution of the polymer. A small amount of a very highly functional and reactive soluble moiety can be 
used to introduce a small amount of very high molecular weight highly branched material intothe distribution. Conversely, 

50 a larger amount of a less reactive, lower functionality moiety can be used to introduce more of the branched fraction, 
but of lower molecular weight. 

The cationically reactive branching agents for use in producing the polymers of this invention are present during 
polymerization in an amount effective for producing the desired changes in molecular weight distribution. Such amounts 
vary depending on the number and reactivity of the cationically active species, including such variables as molecular 

55 weight and reactivity of the agent (particularly that portion of the agent containing the cationically active moiety). Addi- 
tionally, polymerization conditions influence the effective concentration, e.g., batch versus continuous, temperature, and 
monomer conversion. Generally such agents are present in an amount, based on the monomers, greater than 0.3 weight 
percent e.g., 0.3 to 3.0 weight percent, preferably greater than 0.35 weight percent e.g., 0.35 to 2.8 weight percent, 
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more preferably greater than 0.4 weight percent e.g., 0.4 to 2.7 weight percent, most preferably greater than 0.45 weight 
percent e.g., 0.45 to 2.6 weight percent, for example greater than 0.5 weight percent e.g., 0.5 to 2.5 weight percent. 
Reagents which are not excessively reactive can be used in a commercial process at, e.g., 1.1 to 2.0 weight percent. 
The upper limit of concentration is limited to that concentration which causes the final polymer product to be gelled to 

5 an extent which is unacceptable for the intended use of the product. 

A particularly desirable method of introducing the desired high molecular weight ends branching is to combine the 
functions of the slurry stabilizer and the branching agent in one species by use of a slurry stabilizer with multiple active 
sites in an anchor group. The lyophilic portion of the slurry stabilizer solubilizes the anchor group, which contains multiple 
active sites to produce the desired branched fraction during polymerization, and the lyophilic portion then forms the 

10 protective shield around the butyl slurry particles to provide steric slurry stabilization. Block copolymers of polystyrene 
and polybutadiene or polystyrene and polyisoprene are examples of molecules which combine the functions of slurry 
stabilization and branching agent when butyl rubbers are polymerized in methyl chloride diluent as in commercial butyl 
rubber processes. The crosslinking comonomer and/or species containing multiple reactive sites is preferentially soluble 
under polymerization conditions because then it is more effectively utilized and the branching reactions can be better 

15 controlled. Since the crosslinking comonomers are typically low molecular weight liquids, they are soluble in the polym- 
erization diluent of interest, but species containing multiple reactive sites are normally polydienes with limited solubility 
in the normal butyl polymerization diluent (e.g., methyl chloride) under reaction conditions. The solubility requirement 
often limits the molecular weight of polydiene which can be used unless it also contains groups which enhance methyl 
chloride solubility. The choice of these solubilizing groups is restricted by the consideration that they must not poison 

20 the polymerization catalyst used or interfere with the polymerization. As noted above, it is particularly desirable that the 
solubilizing group be a lyophilic polymeric chain that can act as a slurry stabilizer so that it serves dual functions. The 
use of solubilizing groups makes it possible to utilize higher molecular weight polydienes during slurry polymerization 
of butyl rubbers in methyl chloride diluent and, hence, makes possible the production of a more highly branched, high 
molecular weight mode during polymerization. The polymerization diluent can also be changed to one in which the 

25 polydiene is more soluble but such a major process change is less desirable from economic and process viewpoints. 

The ability to vary the reactivity of the unsaturated groups as well as their number per chain affords considerable 
flexibility in producing a butyl rubber with the desired modification in molecular weight distribution. For example: the 
Type IV unsaturation in a 1 ,4-polyisoprene chain is very active under butyl polymerization conditions and becomes 
extensively involved in branching reactions whereas the Type II unsaturation in a 1 ,4-polybutadiene is very much less 

30 active and, hence, becomes much less extensively utilized in branching reactions under any given set of conditions. 
Therefore, a very low molecular weight polyisoprene (e.g., 500-2500 molecular weight) which is still soluble in methyl 
chloride can be used to introduce a highly branched fraction during butyl polymerization. The same number of branches 
can be achieved by using a much higher molecular weight polybutadiene containing far more unsaturation per chain, 
but the polybutadiene would need to be solubilized in the methyl chloride (e.g., by being present in a block copolymer 

35 with a solubilizing agent such as polystyrene) and would produce a different polymer with a lower branching density in 
the high molecular weight fraction or mode. 

Characterization of olefinic residues as Type II, Type IV, etc. is based on the Boord Classification described by 
Schmidt and Boord in J.A.C.S. 54,751 (1932) and also disclosed in U.S. 4,245,060 (column 3, lines 1-30). 

Not intending to be bound by theory, it is believed that the mechanism by which the crosslinking comonomers and 

40 soluble moieties containing multiple reactive sites function to produce branching is similar and may be described as a 
"graft onto" or "grow-through" mechanism. A growing butyl chain attacks one of the reactive sites on the comonomer or 
soluble moiety containing multiple reactive sites to become attached to it (and can propagate through it) leaving the 
remaining unsaturated sites available for similar attack to produce a branched butyl polymer with two or more butyl 
chains attached to the same moiety. With a crosslinking comonomer, only two butyl chains can become attached and 

45 so random long chain branching results and gel is produced whenever the critical branching value of two per chain is 
reached. However, when a moiety containing multiple reactive sites is used, the number of butyl chains attached to that 
moiety can be as many as desired since such chains do not contain active branching functionality and tend to terminate 
after attachment. It is controlled by setting the number and reactivity of the reactive sites and the amount of branched 
butyl produced can be controlled by the amount of reactive moiety added to the polymerization. A high molecular weight 

50 ends mode, with many butyl chains attached to the reactive moiety, is produced with the remainder of the butyl distribution 
being unaffected. The molecular weight amount and density in the high molecular weight ends mode are all subject to 
some degree of independent control. Judicious use of a soluble moiety containing multiple reactive sites is a more 
flexible and controllable way of achieving the desired change in molecular weight distribution than is use of a crosslinking 
comonomer. 

55 it is preferred to use soluble moieties containing multiple reactive sites as the branching agent because their use 

makes it possible to conduct the branching reactions much more nearly in the solution phase even when methyl chloride 
is used as the diluent. This is so because the solubilizing groups used with the polydiene tend to keep it in solution or 
at least at the surface of the precipitated butyl particle even after a butyl chain has become attached to it. This is especially 
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so when the solubilizing group is a lyophilic polymer chain so that the polymeric branching agent is a slurry stabilizer 
and becomes attached to the butyl particle surface to keep the remaining unreacted sites relatively available for branch- 
ing reactions. Nevertheless, in slurry polymerization processes, dormant species and catalyst are trapped within the 
precipitated butyl rubber slurry particle where they can produce additional poorly controlled branching reactions and/or 

s gel formation as the particles warm on leaving the reactor. Thus it is especially important when branching agents are 
used in a slurry polymerization process to efficiently and rapidly quench the slurry to kill all the catalyst and active species 
before the slurry is allowed to warm. 

As disclosed herein, it is possible to go one step further and to conduct the polymerization process as a solution 
polymerization. Solution polymerization also permits the direct use of polydienes and partially hydrogenated polydienes 

10 as the branching moiety without the need for other solubilizing groups on the polydiene. Thus polybutadiene, polyiso- 
prene, polypiperylene, natural rubber, and styrene/butadiene rubber can all be employed as the branching moiety during 
solution polymerization of butyl rubbers in a solvent such as hexane. 

The reactive site or functional group on the functional lyophile participates in the polymerization as discussed above 
and becomes the site at which the butyl chain becomes attached to form the block or graft copolymer. If the functional 

15 lyophile contains more than one functional group, then a butyl chain can become attached at each functional group and 
a number of butyl chains become attached to the lyophile. The multifunctional lyophile then becomes a means of linking 
many butyl chains together (by virtue of their attachment to the same lyophile molecule). The number of butyl chains 
which are linked together, and thus the molecular weight of the linked moiety, is easily controlled by controlling the 
functionality of the multifunctional lyophile. Hence, a high molecular weight end mode of any desired molecular weight 

20 is readily prepared in situ during polymerization. The architecture of the linked moiety can also be controlled by the 
spacing of the functional groups on the multifunctional lyophile. Thus a cluster of butyl chains can be attached at intervals 
along the lyophile chain. In addition, the amount of the multifunctional lyophile added to the polymerization controls the 
amount of the high ends fraction formed. This is a convenient method to control the amount, nature and molecular weight 
of the high ends mode. 

25 Generally, modification of the molecular weight distribution is achieved by incorporating during polymerization of 

the polymers an effective amount of functional reagent selected from the group consisting of polymers and copolymers 
comprising functional groups capable of copolymerizing or forming a chemical bond with the product polymer, the func- 
tional group comprising cationically active halogen or cationically active unsaturation and such polymers and copolymers 
preferably comprising lyophilic polymerization diluent soluble moiety. 

30 Classes of functional polymeric reagents which are useful are represented by the following formulae: 



35 




wherein 

40 

R-i, R 2 and R 3 = hydrogen or alkyl group 
R 4 , R 5 = alkyl group 
x = halogen, e.g., chlorine or bromine 
n = 4-100 

45 alkyl group having 1 to 15 carbon atoms, preferably 1 to 4; non-limiting examples include methyl and ethyl. 



Suitable reagents in this class include chlorinated butyl and brominated butyl. 




R-i = alkyl (e.g., as in (1), above) or aryl 
R 2 , R 3 = alkyl 

x = halogen, e.g., chlorine or bromine 
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n = 4-100 

aryl group, including phenyl and tolyl. 

Suitable reagents in this class include hydrochlorinated polyisoprene, hydrobrominated polyisoprene, isobuty- 
5 lene-vinylbenzyl chloride copolymer and chlorinated polystyrene. 



10 




wherein 



15 R 1 , R 2 = hydrogen, alkyl (as in (1 ) or (2) above), aryl (as in (2) above) or alkenyl 

R 3 , R 4 = alkyl 
n = 7-1,000 

alkenyl group including ethene and propene 



20 Suitable reagents in this class include polybutadiene, polyisoprene and polypiperylene. 

As discussed previously with regard to the blending of polymers, molecular weight and molecular weight distribution 
criteria are critical for obtaining the desired polymer products and achieving the unique balance of properties, i.e., green 
strength and stress relaxation. The amount of branching agent fed to the reactor and polymerization conditions, e.g., 
conversion, should be controlled in order to obtain useful polymers, i.e., those with high ends fraction of at least 10 

25 percent, percent; preferably 10 to 20, most preferably 12 to 18, for example 14 to 16 weight percent. As described 
previously, for the purposes of this invention, the amount of high ends fraction in useful polymers comprises that portion 
of the molecular weight distribution which is equal to or greater than 4 Mp, preferably 5 Mp, most preferably 6 Mp, for 
example 8 Mp. Useful polymers are obtained when the peak molecular weight of the polymer, Mp, is greater than 250,000; 
it is preferable that Mp is 250,000 to 850,000; more preferably 270,000 to 800,000; most preferably 290,000 to 750,000; 

30 for example 300,000 to 700,000. 

Compositions can also be prepared by utilizing the principles of the blend approach, described hereinbefore, in 
combination with directly polymerized branched polymers. Useful compositions are prepared by blending highly 
branched polymers with polymers that are essentially linear. The resulting composition has the desirable green strength 
and stress relaxation characteristics when the blended composition has the defined molecular weight criteria. 

35 Many properties of a rubber (such as extrusion rate, die swell, mixing time, filler dispersion, cold flow, green strength, 

tire cord stike-through, building tack, adhesion, the various vulcanizate properties, etc.) are strongly influenced by its 
molecular weight distribution and branching. Different balances between these various properties can be achieved by 
varying the molecular weight, molecular weight distribution and branching. Thus, the techniques of this invention for 
introducing controlled amounts and types of branching into butyl rubbers and for modifying their molecular weight dis- 

40 tributions in a controllable manner enables production of specialized grades of butyl rubber which are especially suitable 
for particular applications. These techniques make it possible to achieve a better compromise between the various and 
often conflicting properties desired in a rubber formulation during processing, fabrication and end use in a particular 
application. Particularly advantageous properties are obtained from halogenated butyl rubber prepared using the butyl 
polymers described herein for subsequent halogenation. The halogenated polymers, e.g., brominated butyl and chlo- 

45 rinated butyl can be used to produce tire innerliner compositions with improved processing properties such as higher 
green strength, and faster stress relaxation compared to similar halogenated butyl compositions absent the modified 
structure and molecular weight distribution. 

The polymers of this invention, wherein green strength and stress relaxation rate have been increased, are partic- 
ularly useful in compositions for products produced by extrusion, calendering, and injection, transfer and compression 

50 molding. Such products include tire components such as sidewalls, sidewall veneers, carcasses and treads, innertubes, 
wire and cable, hose, sheeting, film, automotive and mechanical goods, sponge products, pharmaceuticals, adhesives, 
sealants, etc. The polymers are also particularly useful in blends comprising other elastomers and plastics, including 
cured compositions as well as thermoplastic and dynamically vulcanized blends. One skilled in the art will recognize 
that such compositions can typically include additional components such as reinforcing and nonreinforcing fillers, ex- 

55 tenders and plasticizers, process aids, antioxidants and antiozonants, colorants, etc. 

Preferred compositions according to the invention have a molecular weight, Mz, greater than 1 .2 x 10 6 and, when 
the rubber is isobutylene-isoprene rubber, greater than 2.0 x 10 6 , when measured by gel permeation chromatography 
with a low angle laser light scattering detector. 
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Other preferred compositions comprise a linear and/or branched high molecular weight fraction of a C 4 -C 7 isoolefin 
homopolymer rubber, butyl copolymer rubber, or mixtures thereof wherein, relative to a substantially linear butyl copol- 
ymer rubber, said composition exhibits at least a 5% faster stress relaxation at equivalent green strength or at least a 
5% higher green strength at equivalent stress relaxation. 
s In further preferred compositions, there is a discrete branched high molecular weight mode at a molecular weight 

greater than 4 Mp. 

When the multifunctional lyophile is a hydrohalogenated styrene-isoprene-styrene triblock copolymer, there may 
advantageously be used one having Mn within the range of from 100,000 to 300,000, in which the isoprene block prior 
to hydrohalogenation represents from 1 to 1 0 weight percent of the copolymer and following hydrohalogenation contains 
10 from 0.1 to 1 .0 weight percent of halogen. 

The invention is further illustrated by the following examples which are not to be considered as limiting its scope. 
Although certain of the examples, namely Blends A, E and 1 of Example 1 , Examples 2, 4, 7, 8 and 10, Example 3 
except Run 3, Example 5 except Run 4, and Example 9 except Runs 2 and 3, disclose processes or compositions 
outside the scope of the claims, many of the Runs described illustrate how conditions and reactants may be varied to 
is obtain compositions as defined in the claims and processes for their manufacture. 



Example 1 



Polymer compositions were prepared by blending polymers differing in molecular weight. The compositions were 
20 blended in solutions of 10% by weight polymer in hexane, then steam stripped and dried on a rubber mill. The resulting 
polymer blends were then tested according to the tests described earlier. The polymers prepared in these blending 
experiments were characterized using the GPC method without the low angle laser light scattering (LALLS) detector 
which was later found to affect the determination of high molecular weight components (subsequent tests using LALLS 
indicated a decrease of about 0.4 units for the value of Mz/Mw as compared to values measured by refractive index). 
25 The blends were prepared using as the high molecular weight component (Mv=2, 100,000), polyisobutylene man- 

ufactured by Exxon Chemical Co. and designated Vistanex® L-1 40; as the moderate molecular weight component, butyl 
rubber manufactured by Exxon Chemical Co. and designated Butyl 365 (MR is an accepted generic abbreviation for 
butyl, isobutylene-isoprene rubber); as the low molecular weight component, low molecular weight butyl rubber 
(Mv=220,000), designated as MR LMW. The other, commercially available, polymers, are also manufactured by Exxon 
30 Chemical Co. and are identified as follows: CNR 1065 = Chlorobutyl rubber, grade 1065; CMR 1066 = Chlorobutyl rubber, 
grade 1066; CMR 1068 = Chlorobutyl rubber, grade 1068; MR 268 = butyl rubber, grade 268. Test results are reported 
in Table 1 for blends demonstrating the improved properties of the invention (blend B). 



35 



40 



1 
2 
3 
4 
5 
6 
7 



IIR 365 
CIIR 1065 
Blend A ' ' 
CIIR 1066 
Blend B ( c) 
CIIR 1068 
IIR 268 



Mz/Mw 

2.2 
2.4 
2.8 
2.5 
3.0 
2.4 
2.1 



4Kp, 
High Ends, 
wt.% 

5.0 
4.0 
8.0 
4.0 
11.0 
4.0 
3.3 



Mooney 
viscosity ( a) 

44 

42 
45 
55 
49 

71 
69 



Green 


Relaxed 


Strength, 


Stress, 


psi (kPa) 


psi fkPa) 


2 8.0 (193) 


6.4 (44) 


2 7.6 (190) 


7.9 (54) 


2 9. 3 (202) 


8.0 (55) 


2 9.7 (205) 


10.3 (71) 


3 2.4 (223) 


10.1 (70) 


3 1.9 (220) 


12.8 (88) 


3 2.2 (222) 


12.1 (83) 



45 



(a) ML 14-8 at 100'C. 

(b) Composition: 10% vistanex L-140 (M v = 2.1M), 80% 
5Q IIR 365 (M v - 320K), 10% IIR LMW (Mv = 220k). 

(c) Composition: 15% Vistanex L-140, 85% IIR 365. 

Comparison of polymers 1 through 4 shows that blend A exhibits the green strength of a higher Mooney viscosity 
rubber like CIIR 1066, at viscosity and stress relaxation levels comparable to lower Mooney viscosity polymers like CIIR 
1065 or IIR 365. Comparing polymers 4-7 shows that blend B displays the green strength of CIIR 1068 or IIR 268 and 
55 the stress-relaxation capability of CIIR 1066, at significantly lower viscosity than these polymers. Stated another way, 
the experimental blends with molecular weight distribution features selected to improve specific performance properties 
exhibited higher green strength and faster stress relaxation compared to typical, commercial polymers of equivalent 
Mooney viscosity. 
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Polymers blends were also evaluated in compositions further comprising carbon black, rubber process oil and other 
ingredients typically used in end use applications, e.g., a tire innerliner formulation. The composition was mixed in a 
laboratory internal mixer (size B Banbury®) using the following formulation (parts by weight): 



Polymer 100 

Carbon Black (type N660.GPF) 50 

Naphthenic Process Oil' ' 8 

Processing aid 7 

Stearic acid 2 

Magnesium oxide' c ' 0.15 

Zinc oxide 3 
MBTS (a) x 

Sulfur 0.5 



(a) Flexon* 641 (Exxon Chemical Co.) 

(b) Struktol* 40MS (Struktol Co.) 

(c) Maglite* K (Merck) 

(d) 2,2'- Benzothiazyl disulfide 

Several additional blends were prepared with different proportions of high molecular weight polyisobutylene (grade 
Vistanex L-140) and butyl rubber (grade Butyl 365) as indicated in footnote (c) of Table 1 above. For comparative pur- 
poses, commercially produced samples of halogenated butyl differing in Mooney viscosity were also tested. The blends 
and test results are summarized in Table 2a and illustrated in Figure 1 . 

Table 2a 









Green 


Relaxed 






Blend (a) 


Strength, 


Stress, 


Polymer 


Hiah 


MW Moderate MW 


(b) 

psi(kPa) 


• ( c ) 

psl(kPa) 


Blend 1 


8 


92 


3 0.0 (207) 


4 . 7 (32) 


Blend 2 


15 


85 


3 1.4 (216) 


5.0 (34) 


Blend 3 


25 


75 


3 4.4 (237) 


6.2 (43) 


Blend 4 


45 


55 


3 9.7 (274) 


9 . 4 (65) 


CIIR 1065 (I) 






2 9.6 (204) 


4 . 6 (32) 


CIIR 1066 (II) 






3 2.3 (223) 


7 . 0 (48) 


CIIR 1068 (III) 






3 3.7 (232) 


9 . 1 (63) 



(a) Blend 2 corresponds to Blend B of Table 1. 

(b) Peak stress value as shown in Fig. 1. 

(c) 4 minute stress as shown in Fig. 1. 

From an examination of the data as shown in Figure 1 , it is immediately apparent that the blend properties are 
significantly different in kind compared to the commercially produced polymers. The blend compositions, particularly 
those with sufficient high molecular weight ends, exhibit significantly lower 4 minute relaxed stress than standard poly- 
mers at equivalent levels of green strength. Testing of the innerliner compositions for green strength and stress relaxation 
was accomplished by using a sample calendered to approximately 0.070 inches (1.8 mm) thickness and tested as 
previously described. 

The manner in which the molecular weight distribution is modified, e.g., broadened, can significantly affect proper- 
ties. Specific compositional features are necessary for improved properties, and broadening can be excessive as well 
as inadequate. Additional polymer blends were prepared as described above in order to achieve altered molecular 
weight distributional features, Table 2b. Blend A is the same composition as above (which had improved properties 
compared to a higher Mooney viscosity commercial polymer. In Blend C, the amounts of both high and low MW com- 
ponents were increased to 20%. This resulted in essentially no change in Mooney viscosity or green strength, but a 
10% increase in the relaxed stress level. 
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In the second group of samples in Table 2b, Butyl 365 is compared with two blend compositions of slightly lower 
Mooney viscosity. Blends D and E both contain increased amounts of the low MW component with the high MW com- 
ponent held at 20%. This results in lower green strength levels than Butyl 365, and slower relaxation (higher relaxed 
stress levels). 

Table 2b 

Properties of Polymer Blend C ompositio ns ( a ' 

4Mp, Green Relaxed 



Blend A 
Blend C (b) 



15 Butyl 365 

Blend D ^ 
(a) 



Blend 



Mz/Mw 


High Ends, 
wt.% 


Mooney 
Viscosity (a) 


Strength, 

P S i(kPa) 


Stress, 

psi (kPa) 


2.8 


8.0 


45 


2 9.3 (202) 


8 . 0 (55) 


2.7 


11.0 


46 


2 9. 3 (202) 


8.8(61) 


2.2 


5.0 


44 


2 8.0(193) 


6 . 4 (44) 


2.8 


11.0 


4 1 


2 6.8(185) 


7 . 6 (52) 


3.0 


6.0 


40 


2 6.0(179) 


6 . 5 (45) 



20 

(a) ML 1 + 8 at lOO'C 

(b) Composition: 20% Vistanex L-140, 60% IIR 365, 20% 

IIR LMW 

(c) Composition: 20% Vistanex L-140, 30% IIR 365, 50% 
25 IIR LMW 

(d) Composition: 20% poly isobuty lene containing a low 

concentration of isoprene (Mv = 1.0 M) , 
45% Butyl 365, 35% IIR LMW (Mv = 170 k) 



30 Example 2 

A series of batch dry box polymerizations were run to show the effect of low levels of a low molecular weight reac- 
tor-diluent-soluble polyisoprene polymer on the molecular weight distribution of butyl rubber slurry polymerized in methyl 
chloride diluent. The low molecular weight soluble polyisoprene used in this series of batch polymerizations was identified 

35 as Al -8803-084-5. It was prepared by "living" anionic polymerization of highly purified isoprene in cyclohexane diluent 
using secondary butyl lithium catalysis. It was a narrow molecular weight distribution liquid polymer with a molecular 
weight of 530 by GPC. This liquid polyisoprene was primarily an isoprene heptamer initiated from a secondary butyl 
group. It was readily soluble in methyl chloride or a typical butyl feed blend and contained about seven reactive double 
bonds per chain. Each polyisoprene molecule was thus capable of tying seven butyl rubber chains together (if all the 

40 unsaturated sites were utilized) to form a bush-type branched fraction consisting of seven butyl chains attached to each 
polyisoprene molecule. The amount of this high ends branched fraction is readily controlled by varying the amount of 
polyisoprene added to the polymerization. 

The batch dry box polymerizations were conducted as follows: the polymerizations were conducted in a 500 ml. 
3-neck reaction flask setup in a glove box having an oxygen-free and a moisture-free nitrogen atmosphere. The flask 

45 was cooled to -95°C by immersion in a controlled temperature liquid nitrogen cooled heat transfer bath. It was fitted with 
a thermometer, cooled dropping funnel and stirrer. Typically the flask is charged with 460 g. of a feed blend in methyl 
chloride and then a catalyst solution in methyl chloride is slowly dripped in to initiate polymerization while stirring of the 
bath is continued in order to maintain the desired polymerization temperature. The feed blend is typically defined by a 
"B" number, e.g., B-3. The B number is a shorthand reference of the approximate weight percent concentration of iso- 

50 prene relative to isobutylene, e.g., 3.0 g. isoprene with 97.0 g. isobutylene calculates as 3.09 and is cited as B-3. 

After sufficient catalyst solution has been added to make the desired amount of polymer, the polymerization is 
quenched by addition of cold methanol (typically 25 ml.) and then transferred to a vented hood where it is allowed to 
warm and flash off the methyl chloride and unreacted monomers. Additional methanol containing a trace of butylated 
hydroxytoluene (BHT) stabilizer is added as the reactor liquids flash off in order to protect the polymer from degradation 

55 prior to recovery. After the monomer is completely flashed off, the polymer is kneaded and washed in isopropanol to 
remove catalyst residues and then vacuum oven dried at 80°C with 0.2 wt. % BHT added as an antioxidant. The dried 
polymer is then used for evaluation and characterization. In the control run, 1, the reaction was charged with a 10.9 
wt.% B-3 feed in methyl chloride and chilled to -97° C before the 0.3 wt. % EADC catalyst solution was dripped in to 
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produce polymer. Catalyst solution was dripped in slowly over the course of five minutes while stirring and maintaining 
temperature between -97 and -93°C before quenching and recovering the polymer as usual. In the control run a 53% 
conversion of monomer to polymer was realized and the recovered, dried polymer was a tough, rubbery, butyl polymer 
with a viscosity average molecular weight of 431 ,000, Mp of 420,000 and INOPO of 9.5 (approx. 1 .4 mole % isoprene). 
s GPC analyses showed the polymer to have atypical butyl molecular weight distribution skewed toward the low molecular 
weight species with an Mz/Mw ratio of 1 .7 and less than about 0.7% in the high ends (calculated, in this and succeeding 
examples, as the amount of polymer present in the molecular weight distribution at molecular weights equal to and 
greater than 4Mp). 

In companion run 2, the same feed blend was used with 0.5 wt.% on monomers of the low molecular weight polyiso- 

10 prene AI-8803-084-5, added. It was readily soluble and dissolved quickly in the feed blend. The 0.3 wt.% EADC catalyst 
solution was dripped in slowly over the course of 17 minutes while stirring and maintaining temperature between -97 
and -94°C to produce polymer. After quenching and recovery, 16.50 g. (33% conversion) of a tough, rubbery butyl 
polymer with an Mv of 308,000 and Mp of 270,000 was obtained. The low molecular weight polyisoprene apparently 
contained some poisons as about twice as much catalyst was required as in the control run to produce polymer and the 

15 polymer viscosity average molecular weight was reduced from 431 ,000 to 308,000. Nevertheless, molecular weight 
distribution broadening with the production of a high molecular weight tail was achieved (estimated to be about 4%). 
The polymer had an Mz/Mw ratio of 2.1 by GPC using an Rl (refractive index) detector and a higher Mz/Mw ratio of 3.4 
using LALLS to better resolve the high molecular weight species. It contained 1.1 mole % enchained isoprene with 0.9 
wt.% of the low molecular weight polyisoprene mainly incorporated in the high ends tail. In a second companion run 3, 

20 a higher level of the low molecular weight polyisoprene of 1.0 wt.% on monomers was used. In this run, 60 ml. of the 
catalyst solution was dripped in over the course of 11 minutes at a polymerization temperature between -97 and -95°C 
to produce polymer, and 11.17 g. (22% conversion) of a tough, rubbery butyl polymer with an Mvof 110,000 and Mp of 
80,000 was recovered. This higher level of polyisoprene produced even more catalyst and molecular weight poisoning. 
Nevertheless, even more molecular weight broadening with still more of the high molecular weight tail was achieved 

25 (estimated to be about 6%). This polymer had an Mz/Mw ratio of 2.7 by GPC using an Rl detector and a ratio of 4.2 
using LALLS. Even at the low conversion achieved in this run, it contained 0.8 wt.% of the low molecular weight polyiso- 
prene incorporated mainly in the high ends tail. (The amount of incorporated polyisoprene is an estimate based on 
unsaturation measurements; to the extent unsaturation in the polyisoprene has been lost, the incorporation is even 
higher.) Clearly the low molecular weight polyisoprene is being incorporated during polymerization to broaden the mo- 

30 lecular weight distribution by producing a high ends fraction consisting of multiple butyl chains attached to each polyiso- 
prene molecule. This broadening is achieved without any gel formation even with slurry polymerization because the 
limited functionality of the low molecular weight polyisoprene will not permit the attachment of more than seven butyl 
chains to each polyisoprene molecule. 

This example shows that a high molecular weight fraction can be produced during polymerization through the use 

55 of a methyl chloride soluble polymer containing multiple cationically reactive unsaturation sites. The amount of the high 
ends fraction can be controlled by the amount of the reactive soluble polymer added; the molecular weight of the high 
ends fraction can be controlled by the amount and reactivity of the functionality on the reactive soluble polymer. The 
molecular weight of the high ends fraction can be raised by operating at high conversion to attach more butyl chains to 
each polyisoprene molecule and/or by raising the molecular weight of the polyisoprene so that each molecule contains 

40 more reactive unsaturation (sites). As the molecular weight is raised, the polyisoprene becomes less soluble in methyl 
chloride and in order to maintain it in solution it becomes necessary to introduce solubilizing groups into the polyisoprene 
(preferentially as a solubilizing block) or to change the diluent to make it a better solvent for polyisoprene. The latter 
change also has the advantage of making the diluent a better solvent for butyl and changes the nature of the slurry and 
in the limit results in a change from slurry polymerization to solution polymerization. Raising the molecular weight and, 

45 hence, the number of double bonds per chain of the polyisoprene too much can produce such extensive branching that 
gel results. Thus there is a limited range of molecular weights over which polyisoprene or polyisoprene containing sol- 
ubilizing groups is useful as a functional polymer for introducing high ends branching into butyl during polymerization. 

Other polydienes( i.e., polybutadiene, SBR rubbers, etc.) are also useful for introducing the high ends branched 
fraction but have a different useful molecular weight range depending upon the number and cationic reactivity of the 

50 double bonds. The Type IV double bonds in polyisoprene are very reactive under butyl polymerization conditions and 
so very low molecular weight soluble polyisoprenes are useful for introducing branching as shown in this example. The 
Type II double bonds in 1 ,4-polybutadiene are much less reactive and so a much higher molecular weight polymer are 
required to produce the same degree of branching in the butyl. With these less reactive polydienes, solubilizing groups 
are required to make the high molecular weight polymers soluble in the polymerization diluent, e.g., methyl chloride, for 

55 use during slurry polymerization of butyl rubbers as is normally practiced. Suitable lyophilic groups have a Flory-Huggins 
interaction parameter with the polymerization diluent of less than 0.5. Such materials include polystyrene, polyvinyl 
chloride, polyvinyl bromide, neoprene, mono-, di- and trisubstituted styrenes (the substituents being halogen, such as 
chlorine, or lower C r C 5 alkyl groups, as illustrated by alpha-methyl styrene, para-t-butyl styrene, p-chlorostyrene and 
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similar ring chlorinated styrenes). 
Example 3 

s A series of batch dry box runs similar to those described in the previous example was run to evaluate a styrene/buta- 

diene block copolymer identified as KR03-K-Resin® (Phillips Chemical Company) as a branching agent during butyl 
polymerization. KR03-K-Resin is a block copolymer (containing 62 mole % styrene and 38 mole % butadiene) with a 
viscosity average molecular weight of 145,000 by toluene solution viscosity. (Mn = 98,500, Mw = 213,100 by GPC). It 
is a diblock polymer coupled from the polybutadiene so that the polybutadiene is in the central portion of the block 

10 copolymer. The polybutadiene microstructure, which is important in determining cationic activity during butyl polymeri- 
zation, is about 12% 1 ,2 addition and 88% 1 ,4 addition with mixed cis/trans configuration, but mostly cis. The dry box 
runs were made using a 10.9% B-3 feed using 48.5 g. isobutylene and 1 .5 g. isoprene in each run. All polymerizations 
were run with the cooling bath temperature set at about -66°C and polymerizations were initiated by dripping in a 0. 1 8% 
solution of AICI 3 in methyl chloride as catalyst. 

15 in the control run with no branching agent added, Run 1 , 1 3 ml. of catalyst solution was dripped in over the course 

of three minutes and 43.47 g. (87% conversion) of a tough, white, rubbery butyl rubber was recovered. The polymer 
had an Mv (dilute solution viscosity, DSV) of 245,700, an Mp of 230,000 and INOPO of 8.5 with atypical butyl molecular 
weight distribution. The Mz/Mw ratio by GPC was 1 .5 and it is estimated that less than 0.7% was present in the high ends. 
In run 2, 0.5 g of KR03-K-Resin (1 % on monomers) was dissolved in the feed blend prior to initiating polymerization. 

20 in this run, 17 ml. of the catalyst solution was dripped in over the course of eleven minutes while stirring and maintaining 
temperature in the reactor between -64 and -53°C and 44.03 g. (87% conversion) of a tough, white, rubbery butyl rubber 
with a branched fraction attached to the KR03-K-Resin was recovered. This polymer had an Mv (DSV) of 274,400, an 
Mp of 240,000 with an INOPO of 9.0. This polymer had a branched high ends fraction of about 4.5% and an Mz/Mw 
ratio of 2.5 by GPC. 

25 in run 3, 1 .0 g. of KR03-K-Resin (2% on monomers) was dissolved in the feed prior to initiating polymerization. In 

this run, 18 ml. of the catalyst solution was dripped in over the course of ten minutes and 46.03 g. (90% conversion) of 
a tough, white, rubbery butyl rubber with a branched fraction attached to the KR03-KResin was recovered. This polymer 
had an Mv (DSV) of 298,300, an Mp of 250,000 and INOPO of 9.3. It had an Mz/Mw ratio of about 9 by GPC/LALLS 
with about 20% in the high ends. 

30 These results show that KR03-K-Resin, a styrene-butadiene block copolymer, can be an effective agent to introduce 

controlled high ends branching into butyl rubber during polymerization if it is used at an appropriate concentration. An 
additional benefit of the KR03-K-Resin previously disclosed in U.S. 4,474,924 is that it acts as a slurry stabilizer to 
improve reactor operation. The slurry produced in the control run 1 agglomerated completely as made whereas stable, 
milky, slurries were produced in runs 2 and 3 with KR03-K-Resin added to the feed. Furthermore, under the conditions 

35 used, there was no gel in the finished polymers produced in the runs with KR03-K-Resin. Under these batch polymeri- 
zation conditions, KR03-K-Resin is a desirable material for introducing a controlled high ends fraction into butyl rubber 
during polymerization. 

Example 4 

40 

A series of batch dry box runs similar to those of Example 3 was run using KROI -K-Resin® as the branching instead 
of KR03-K-Resin. KROI -K-Resin is a styrene/butadiene block copolymer (Phillips Chemical Company) similar to KR03 
but made with a different coupling agent and it has a different molecular weight. Its composition is 62 mole % styrene 
and 38 mole % butadiene with a viscosity average molecular weight of 140,000 by toluene solution viscosity (Mn = 

45 103,500, Mw = 165,700 by GPC). Like KR03, the polybutadiene is attached to the coupling agent so that it comprises 
the central core of the block copolymer and the polybutadiene microstructure is similar to that of KR03. The runs were 
all made using a 10.9% feed containing 48.5 g. isobutylene and 1.5 g. isoprene in each batch reactor along with the 
desired amount of KROI -K-Resin where used. The cooling bath temperature was -66°C and an 0. 1 8% solution of AICI 3 
in methyl chloride was used as the catalyst. 

50 The control run with no branching agent was run 1 as already described in Example 3. In run 1 of this example, 0.5 

g. of KROI -K-Resin (1% on monomers) was dissolved in the feed blend prior to initiating polymerization and 20 ml. of 
the catalyst solution was dripped in over the course of fourteen minutes while stirring and maintaining temperature 
between -63 and -55°C in the reactor. In this run, 37.97 g. (76% conversion) of a tough, white, rubbery butyl rubber 
containing a branched high ends fraction attached to some of the KROI -K-Resin was recovered. This polymer had an 

55 Mv (DSV) of 257,100, Mp of 230,000 and INOPO of 8.7. It had an Mz/Mw ratio of 3.4 by GPC/LALLS and also produced 
about 8.5% high ends branching of the molecular weight distribution. 

In run 2, 1 g. of the KROI -K-Resin (2% on monomers) was dissolved in the feed and 22 ml. of the catalyst solution 
was dripped in over the course of eight minutes while stirring and maintaining reactor temperature between -63 to -53°C 
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to produce 37.65 g. ( 75% conversion) of a tough, white, rubbery butyl rubber containing a branched high ends fraction 
attached to some of the KROI . This polymer had an Mv (DSV) of 251 ,700, Mp of 220,000 and an INOPO of 8.8. It had 
an Mz/Mw ratio of 3.9 by GPC/LALLS and about 1 5.5% of a high molecular weight fraction in the distribution. Adjustment 
of polymerization conditions can increase Mp and raise it to the preferred level of greater than about 250,000. 

s No gel was found in any of these polymers and like KR03, KROI acted as a slurry stabilizer to yield stable milky 

slurries in runs 1 and 2 as compared to the completely agglomerated mass of rubber produced in the control run. Thus 
KROI can also be a useful material for introducing a controlled high ends fraction into butyl during polymerization. 

In order to show the importance of the unsaturation in the polybutadiene for producing this high ends branched 
fraction, run 3 was made in which the KROI resin was partially hydrogenated to eliminate most of the active unsaturation 

10 prior to its use as a branching agent in a butyl batch dry box polymerization. This resin identified as 85% HKROI was 
prepared by the use of diisobutyl aluminum hydride as a chemical reducing agent to hydrogenate and remove most of 
the active unsaturation in the polybutadiene portion of the KROI-K-Resin without affecting the polystyrene blocks. The 
hydrogenation was effected by dissolving the KROI in dry toluene to give a 1 0% solution; adding the diisobutyl aluminum 
hydride at 1 mole per mole of butadiene and then heating to 90°C for two hours before quenching, washing and recov- 

15 ering the partically hydrogenated KROI resin. The recovered 85% HKROI was essentially unchanged from the starting 
KROI in molecular weight, but 85% of the polybutadiene unsaturation had been hydrogenated and removed. The re- 
maining unsaturation was predominantly the more inert trans in-chain type. In the run with this partially hydrogenated 
KROI , 0.5 g. of the 85% HKROI (1 % on monomers) was dissolved in the feed blend and 1 2 ml. of the catalyst solution 
was dripped in over the course of ten minutes to product 31.32 g. (62% conversion) of a tough, white, rubbery butyl 

20 rubber. It has an Mv(DSV) of 225,200, Mp of 215,000 and an INOPO of 8.5 with a typical butyl molecular weight distri- 
bution. The Mz/Mw ratio by GPC was 1 .6 with less than about 0.7% in the high ends. The viscosity average molecular 
weight was slightly lower than the control molecular weight of 245,700 and there was no evidence of any high ends 
branched fraction. The slightly reduced molecular weight probably reflects the presence of some unreacted 85% HKROI 
resin in the polymer, but may also be due to slight molecular weight depression caused by the 85% HKROI in the reactor. 

25 These results show that removing the active unsaturation in the KROI resin by hydrogenation has rendered it effectively 
inert during butyl polymerization and prevented it from acting as a branching agent to produce a controlled high ends 
branched fraction in butyl rubber during polymerization. A lower level of hydrogenation can be used to reduce the cationic 
activity of the polybutadiene and achieve the desired level of residual activity to produce the desired degree of high ends 
branching. 

30 in order to show the generality of partial hydrogenation for reducing effective cationic activity, a partially hydrogen- 

ated KR03 resin sample was prepared and evaluated as a branching agent in a batch dry box butyl polymerization. The 
KR03 resin was hydrogenated as just described for the KROI resin and again an 85% reduction in the polybutadiene 
unsaturation was achieved without affecting the polystyrene blocks of the KR03 resin or its molecular weight. This 85% 
HKR03 resin, identified as 7887-37, was added in run 4 at 0.5 g. (1% on monomers) to a B-3 batch polymerization. In 
55 the run with the partially hydrogenated resin, 1 2 ml. of catalyst solution was dripped in over the course of eleven minutes 
to produce 31 .31 g. (62% conversion) of a tough, white, rubbery butyl rubber with an Mv (DSV) of 250,200, Mp of 230,000 
and an INOPO of 8.5 with a typical butyl molecular weight distribution. The Mz/Mw ratio by GPC was 1 .7 with less than 
about 1 % high ends. The molecular weight was only slightly higher than the control and there was no evidence of a high 
ends branched fraction. Removing most of the active unsaturation in the KR03 resin by partial hydrogenation made it 
40 quite inert during butyl polymerization and prevented it from introducing a high ends branched fraction into the polymer 
when added to a butyl polymerization. 

The partially hydrogenated K-Resins used in these experiments were very effective slurry stabilizers and produced 
finer and more stable milky dispersion of the butyl rubber in methyl chloride than even the unhydrogenated K-Resins, 
but they were not significantly incorporated into the polymer during polymerization to produce a branched high ends 
45 fraction as were the unhydrogenated K-Resins. The hydrogenated K-Resins were absorbed on the butyl slurry particles 
and enhanced slurry stability whereas the unhydrogenated K-Resins became chemically attached to the butyl polymer 
during polymerization and produced a branched high ends fraction. The GPC test and Mz/Mw ratios already cited are 
evidence of this difference. Extraction experiments provide further proof of this difference. The extraction experiments 
were performed by recovering the butyl rubber from the batch experiment in methyl/ethyl ketone which is a non-solvent 
50 for butyl but a solvent for K-Resins or hydrogenated K-Resins. Two MEK extractions are performed and the extracts 
combined to recover the MEK soluble resin and the MEK insoluble rubber separately. In runs with the hydrogenated 
resins, nearly all of the K-Resins can be extracted and recovered in unchanged form. With the unhydrogenated K-Resins, 
very little of the resin can be extracted, and the extracted material has butyl attached to it. These extraction experiments 
provide further proof that the unsaturation in the polybutadiene portion of the K-Resins is active during butyl polymeri- 
as zation so that butyl chains become attached to it to produce a high ends branched fraction. Hydrogenation of the un- 
saturation reduces this reactivity and reduces the effectiveness of the K-Resins as branching agents. 
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Example 5 

A series of butyl polymerization runs were made in a butyl continuous polymerization reactor with various amounts 
and types of K-Resins. The reactor permitted polymerization experiments to be run under continuous polymerization 

s conditions which closely simulated commercial polymerization conditions. The reactor was a modified, baffled, draft 
tube-containing well stirred tank type reactor of nominal one-gallon capacity and containing 2.86 square feet (0.266 m 2 ) 
of heat transfer surface to remove the heat of polymerization and maintain the reactor contents at polymerization tem- 
perature. Separate feed and catalyst streams could be chilled and metered continuously into the reactor and the effluent 
continuously overflowed through a 3/4 - inch (19 mm) overflow line into chilled product slurry receivers for quenching 

10 and recovery. Reactor temperature was maintained and controlled by circulating a heat transfer fluid at a controlled rate 
and temperature through channels within the reactor heat transfer surfaces. 

The equipment is designed to meter and chill four separate streams into the reactor to establish a steady-state set 
of polymerization conditions. Normally a monomer feed, an additive solution (i.e., K-Resin solution), a diluent stream, 
and a catalyst solution were fed into the reactor to establish the steady state. In a control polymerization with no K-Resin, 

15 run 1 , a steady state was achieved with the following feeds into the reactor, all in grams per minute: 



Isobutylene 


50.403 


Isoprene 


1.375 


Methyl Chloride 


135.465 


AICI 3 


0.047 




187.29 



Reactor temperature was controlled at -96.0° C and at the steady-state, monomer conversion was 94.5% with pro- 
duction of a 26.1% slurry. The reactor effluent was rather thick and lumpy and reactor fouling forced termination of the 
run after five hours. The butyl rubber produced at steady state had an INOPO of 10.7 with an Mv = 528,500 and Mp = 
500,000. It had a typical butyl molecular weight distribution with an Mz/Mw ratio by GPC of 1 .6 with lessthan 0.7% high 
ends. 

In another control polymerization with no K-Resin, run 2, a steady state was achieved with the following feeds into 
the reaction, again, all in grams per minute: 



Isobutylene 


53.590 


Isoprene 


1.461 


Methyl Chloride 


123.388 


AICI3 


0.030 




178.47 



Reactor temperature was controlled at -94. 3° C and at the steady-state, monomer conversion was 85.3% with pro- 
duction of a 26.3% slurry. The reactor effluent was thick and lumpy and reactor fouling forced termination of the run after 
4-1/2 hours. The butyl rubber produced at the steady state had an INOPO of 11.3 and an Mv = 698,300 and Mp = 
660,000. It had a typical butyl molecular weight distribution with an Mz/Mw = 1 .7 by GPC and less than 0.7% high ends. 

In a run to produce butyl containing a branched high ends mode, run 3, KROI -K-Resin was dissolved in methyl 
chloride to yield a 2.51 % solution of the resin as one of the feeds to the reactor and a steady-state was established with 
the following feeds into the reactor: 



Isobutylene 


52.38 


Isoprene 


1.41 


Methyl Chloride 


109.85 


KROI -K-Resin 


0.40 


AICI3 


0.048 




164.09 



Reactor temperature was controlled at -93. 5° C and at the steady-state monomer conversion was 94.8% with pro- 
duction of a 31 .3% slurry. The reactor effluent was a homogeneous fluid slurry and the reactor ran well with no evidence 
of fouling until the run was voluntarily terminated. The butyl rubber produced at the steady-state had an I NOPO of 1 6. 1 
with an Mv = 649,350 and Mp = 600,000. The high INOPO reflects the presence in the butyl of KROI -K-Resin which 
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was attached to the butyl to yield a high ends branched fraction. None of the KROI -K-Resin was extractable from the 
butyl using MEK, a good solvent for KROI -K-Resin. The KROI -K-Resin level in the reactor was 0.75% on monomers 
or about 0.79% on polymer. GPC/LALLS analyses showed this polymer to have a long high molecular weight tail in the 
distribution. It had an Mz/Mw ratio of 3.9 and contained no detectable amount of gel. Under these continuous polymer- 
s ization conditions, KROI -K-Resin introduced a branched high ends fraction of about 8.5% into butyl without producing 
gel while at the same time acting as a slurry stabilizer to improve reactor operation by allowing operation at a high slurry 
concentration without fouling. 

In another run to produce butyl containing a branched high ends mode using KROI as the branching agent, run 4, 
a steady-state was established with the following feeds into the reactor: 

10 



15 



Isobutylene 


54.235 


Isoprene 


1.464 


Methyl Chloride 


87.191 


KROI -K-Resin 


1.014 


AICI 3 


0.061 




143.97 



Reactor temperature was controlled at -92.0°C. At the steady-state, monomer conversion was about 99.5% with 
20 production of a 39.2% slurry. The reactor effluent was a very thick homogenous slurry and the reactor was barely operable 
with -92° C being the lowest polymerization temperature which could be maintained. The reactor only ran a few hours 
before temperature control became impossible and more diluent had to be added to dilute the slurry. The butyl rubber 
produced during this steadystate had an INOPO of 17.3 with an Mv = 433,350 and Mp = 380,000. This high INOPO for 
a feed with a B number of 2.70 is due to the KROI resin having become incorporated into the butyl to produce a branched 
25 high ends fraction during polymerization. None of the KROI was extractable from the butyl using MEK as the extracting 
solvent. The KROI level in the reactor was 1 .82% on monomers or about 1 .81% on polymer. The polymer apparently 
contained some very tenuous gel which was present in samples taken directly from the reactor effluent and vacuum 
oven dried but was absent in the final recovered polymer which was kneaded in isopropyl alcohol to effect deashing 
and was then hot mill dried. GPC analyses of the hot mill dried polymer showed the molecular weight distribution to be 
30 bimodal with about 15.5% of the polymer present as a branched high molecular weight mode with a molecular weight 
greater than 2.5 million. This polymer had an Mz/Mw ratio of 4.5 with no measurable amounts of gel in the hot mill dried 
material. Under these polymerization conditions, KROI resin effectively introduced a branched high ends mode into 
butyl without producing objectionable gel while at the same time improving reactor operation by acting as a slurry sta- 
bilizer. 

35 In still another run to produce a butyl containing a branched high ends mode, run 5, KR03-K-Resin was dissolved 

in methyl chloride to yield a 1 .67% solution of the resin as one of the feeds to the pilot plant reactor and a steady-state 
was established with the following feeds into the reactor: 



45 



Isobutylene 


55.27 


Isoprene 


1.53 


Methyl Chloride 


99.51 


KR03-K-Resin 


0.73 


AICI3 


0.045 




157.09 



Reactor temperature was controlled at -95°C and at steady-state conversion was 93% with production of 34.1% 
slurry. The reactor effluent was a homogeneous fluid slurry, but gel was being made. Within a few hours, the run had to 
be terminated as the reactor was badly fouled with gel. It could not be cleaned in the normal manner by warming and 
solvent washing because the fouling polymer was an insoluble gel. The reactor had to be disassembled and manually 
cleaned before it could be used again. The butyl polymer produced during this steady-state condition contained more 
than 50% gel and so could not be characterized well; it contained no extractable KR03. The KR03 level in the reactor 
for this run was 1 .3% on monomers. It is clear that at that level and under the polymerization conditions of this example, 
the KR03 was too reactive; it caused more branching than desirable and resulted in formation of a significant amount 
of gel. It should be noted that under the batch polymerization conditions of Example 2, 2% KR03 on monomers did not 
result in gel whereas under the continuous polymerization conditions of this example, 1 .3% KR03on monomers produced 
a highly gelled polymer. It has been found that under high conversion continuous polymerization conditions, gel formation 
is more of a problem than under low conversion batch polymerization conditions and gel formation is always more of a 
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problem when producing higher molecular weight polymers. It is thus necessary to adjust the level and/or activity of the 
branching agent to suit the polymerization conditions under which it is used in order to produce the desired amount of 
high ends branching without producing undesirable amounts of gel. 

In another run using KR03-K-Resin as the branching agent, run 6, the KR03 was partially hydrogenated prior to 

s use in order to reduce its activity and avoid gel formation. Partial hydrogenation was effected using diisobutyl aluminum 
hydride as the reducing agent as already described in Example 4. For this run, 50% of the unsaturation in the polybuta- 
diene blocks of the KR03 resin was removed by hydrogenation. The polystyrene blocks were not affected and the resin 
molecular weight also remained unchanged. The 50% chemically hydrogenated KR03 was dissolved in methyl chloride 
to form a 2.06% solution of the partially hydrogenated resin as one of the feeds to the pilot plant reactor and a steady 

10 state was established with the following feeds into the reactor: 



Isobutylene 


52.53 


Isoprene 


1.43 


Methyl Chloride 


92.58 


50% Chemically Hydrogenated KR03 


0.54 


AICI 3 


0.046 




147.13 



20 Reactor temperature was controlled at -95° C and the steady-state conversion was about 99% with production of a 

36.7% slurry. The reactor effluent was a homogeneous, fluid, stable slurry and the reactor ran well with no evidence of 
fouling until the run was terminated voluntarily. The butyl rubber produced during steady state had an INOPO of 24 with 
an Mv = 200,000 and Mp = 160,000. The high INOPO reflects the presence of chemically bonded KR03 resin in the 
butyl. The KR03 level in the reactor was 1% on monomers and it was all chemically bonded to the butyl; none could be 

25 extracted from the recovered rubber. GPC/LALLS analyses on this polymer showed the presence of about 11% of a 
high molecular weight tail which was rich in the KR03 branched butyl. The polymer had an Mz/Mw ratio of 4.5. Under 
these polymerization conditions, the 50% hydrogenated KR03 resin introduced a branched high ends fraction into butyl 
without producing objectionable gel, while at the same time improving reactor operation by acting as a slurry stabilizer. 
However, viscosity average and peak molecular weights were reduced. 

30 It is possible to remove so much of the unsaturation in the polybutadiene blocks of K-Resins that they become 

completely ineffective as branching agents. A KROI -K-Resin sample was chemically hydrogenated using diisobutyl 
aluminum hydride as in Example 4 to remove 85% of the polybutadiene unsaturation. This resin identified as 85% 
HKROI was dissolved in methyl chloride to yield a 1 .90% wt. % solution of the 85% HKROI in methyl chloride as one 
of the feeds to the reactor. In run 7, a steady-state was achieved with the following feeds into the reactor: 

35 , , , 



Isobutylene 


52.30 


Isoprene 


1.42 


Methyl Chloride 


89.60 


85% HKROI 


0.44 


AICI3 


0.034 




143.80 



Reactor temperature was controlled at -95° C and at the steady-state monomer conversion was 98.0% with produc- 
tion of a 36.9% slurry. The reactor effluent was a very fluid homogeneous slurry and the reactor ran well with no evidence 
of fouling until the run was voluntarily terminated. The butyl rubber being produced at the steady state had an INOPO 
of 10.6 with an Mv = 302,000 and Mp = 280,000. This butyl had a nearly normal INOPO for a feed with a B number = 
2.7 and essentially all of the 85% HKROI resin was extractable by our MEK extraction procedure; essentially none of 
the resin had become bonded to the butyl during polymerization. GPC analyses showed this butyl to have a typical 
molecular weight distribution with an Mz/Mw ratio of 1 .7 (based on GPC/LALLS) and less than 1 % high ends. This result 
shows that removal of most of the active unsaturation in the KROI resin had rendered it quite inert during continuous 
butyl polymerization conditions (just as it did under the batch polymerization conditions of Example 4) and prevented it 
from acting as a branching agent to produce a controlled high ends fraction in butyl during polymerization. The 85% 
HKROI was still very effective as a slurry stabilizer to improve reactor operation, but it functions by adsorption on the 
butyl particles rather than by chemical attachment during polymerization. 

The continuous butyl polymerization experiments show that styrene-butadiene-styrene block copolymer resins can 
be used to introduce a controlled high ends fraction into butyl during polymerization under conditions simulating com- 
mercial production. The branching activity of the styrene-butadiene-styrene block copolymer resins can be adjusted as 
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desired by partial hydrogenation of the polybutadiene block so that the desired degree of branching can be achieved 
without excessive gel formation. Selection of the resin, the degree of hydrogenation, and the amount employed during 
polymerization enable considerable control to be exercised over the amount and nature of the high ends fraction intro- 
duced into butyl during polymerization. Styrenebutadiene block copolymers combine the desirable attributes of producing 

s high ends branching while as the same time acting as slurry stabilizers to improve reactor operation and reduce the 
extent and rate of reactor fouling. It is thus possible to produce the desired high ends fraction under practical conditions 
by eliminating fouling of the reactor with insoluble gel. The slurry stabilization effectiveness of the block copolymers is 
enhanced by hydrogenation so activity in branching can be adjusted by partial hydrogenation without impairing their 
effectiveness at improving reactor operation. 

10 While the continuous polymerization experiments utilized several styrene-butadiene-styrene block copolymer res- 

ins, other branching agents and slurry stabilizers can be employed to accomplish the same end while still employing 
partial hydrogenation to adjust branching activity to the desired level. As discussed earlier, it is most preferable to combine 
the function of branching agent and slurry stabilizer in one species by utilizing a block copolymer comprising a lyophilic 
or methyl chloride soluble block (e.g., polystyrene, polyvinylchloride) and a block containing multiple reactive unsatura- 

15 tion (e.g., a polydiene block) to produce the desired high ends branched fraction during polymerization. Suitable block 
copolymers include: styrene/butadiene, styrene/isoprene, styrene/piperylene, etc. The preferred block architecture is a 
star block with the lyophile block on the periphery. It is also possible, though less preferable, to use separate species 
to accomplish the function of branching as already discussed with or without additional reagents for slurry stabilization. 

20 Example 6 

In order to more fully demonstrate the advantages of the improved butyls with controlled high ends branched fraction 
of this invention, a more complete evaluation of several polymers prepared in the continuous polymerization unit was 
undertaken in comparison with commercial grades of butyl rubber. Also included in the comparison is a butyl composition 
25 prepared by blending. The improved butyls with controlled high ends branched fraction selected for evaluation were 
prepared in the continuous polymerization unit in runs similar to those described in Example 5 using KROI-K-Resin as 
the branching agent and slurry stabilizer. 

The high ends branched butyl polymer designated R49-C12 was prepared with the following feeds into the reactor: 



30 



35 



Isobutylene 


35.122 


Isoprene 


0.878 


Methyl Chloride 


114.822 


KROI-K-Resin 


0.612 


AICI 3 


0.050 




151.5 



Reactor temperature was controlled at -94. 2° C and at the steady-state monomer conversion was 89.7% with pro- 
duction of a 21 .7% slurry. The KROI level was 1 .7 wt. % on monomers or 1 .9 wt. % on polymer and none was extractable 
40 from the recovered butyl. The reactor ran well and the butyl produced was gel free after hot milling and contained 
approximately 20.5% branched high ends mode which was rich in the K-Resin as determined by GPC. 

Both the Refractive Index (Rl) and Ultraviolet (UV) traces showed bimodality in the molecular weight distribution 
with the UV trace confirming the high concentration of the K-Resin in the high molecular weight branched mode. The 
Mz/Mw ratio by GPC (LALLS) was 5.6. Other characterizations and evaluations on this polymer are given later in this 
45 example. 

The high ends branched butyl polymer designated R4-C9 was prepared with the following feeds into the reactor: 



50 



Isobutylene 


48.44 


Isoprene 


1.46 


Methyl Chloride 


121.24 


KROI -K-Resin 


0.409 


AICI3 


0.053 




171.6 



55 

Reactor temperature was controlled at -93° C and at steady-state monomer conversion was 91 .0% with production 
of a 26.7% slurry. The KROI level was 0.82 wt. % on monomers or 0.90 wt. % on polymer and none was extractable 
from the recovered butyl which was gel free after hot milling and contained about 12.5% branched high ends mode rich 
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in K-Resin as determined by GPC. 

For this polymer the high ends branched mode appeared as a bump in the Rl trace because the peak molecular 
weight of the lower mode was relatively high and both modes were fairly broad so that they overlapped considerably 
and were not resolved. However, the high molecular weight branched mode which is rich in K-Resin was again clearly 
evident in the UV trace. The Mz/Mw ratio of this polymer by GPC (LALLS) was 9.0. Other characterizations and evalu- 
ations are given later in this example. 

The commercial polymers included as controls in the evaluation were Butyl 365 and Butyl 268 (described previously). 
Also included in the evaluation was a blend polymer prepared by solution blending of Butyl 365, high molecular weight 
polyisobutylene (Vistanex L1 40), and a lower molecular weight higher unsaturation butyl with an Mv = 200,000 prepared 
in the continuous polymerization unit. GPC analyses of all of these polymers are summarized in the following table 
(molecular weight values x 10 -3 ): 





LALLS 


RI 






Sample 


Mv 


Mz/Mw 


Mv 


Mp 


Mp 


Butyl 268 


521 


1.7 


507 


500 


(b) 


Butyl 365 


375 


1.8 


406 


308 


(b) 


Blend B (Ex.1) 


547 


2.6 


498 


310 


(b) 


R49C12 


1530 


5.6 


476 


292 


1500 


R4C9 


1580 


9.0 


454 


350 


1400 


(a) = UV measurement 










(b) = same as 


peak using RI 










0.7 
2.0 
9.0 

20 
12 



The model blend has a higher Mz/Mw than the reference commercial samples, but not nearly so high as is achieved 
with the controlled high ends branching produced by KROI -K-Resin; there are limitations in blending linear components. 
The two polymers R49C12 and R4C9 each had a clearly resolved branched high ends mode with a very high Mp for 
the high ends mode. Figures 2 and 3 contrast a GPC chromatogram (RI) for a typical Butyl 268 polymer and a polymer 
such as R49C12 which contains a branched high ends mode. The strong U.V. absorption peak by the polystyrene 
lyophile indicates incorporation of the branching agent in the high molecular weight end as indicated in the table (Figure 
4 illustrates such a U.V. trace). 

The Mooney viscosity, green strength, and stress-relaxation measurements on the polymers of this example are 
summarized (for neat polymer) in the following table: 





Mooney (ML 1+8 at125°C) 


Tensile Green Strength psi 
(kPa) 


4-Minute Relaxed Stress psi 
(kPa) 


Exxon Butyl 268 


50 


33.8 (233) 


11.8 (81) 


Exxon Butyl 365 


33 


28.1 (194) 


7.3 (50) 


Blend 


37 


32.1 (221) 


9.7 (67) 


R49C12 


42 


33.1 (228) 


9.5 (66) 


R4C9 


50 


35.1 (242) 


11.1 (77) 



The higher molecular weight Butyl 268 has higher green strength, but at the expense of longer relaxation time as 
shown by the higher relaxed stress after 4-minutes relaxation time. The green strength of Butyl 268 is adequate for most 
purposes, but it would be highly desirable to achieve this at the lower Mooney viscosity and higher stress-relaxation rate 
of Butyl 365. The blend is an improvement in that direction-it achieves a higher green strength than Butyl 365 and 
improved relaxation stress compared to Butyl 268. The high ends branched polymer R49C12 shows a higher green 
strength and faster stress-relaxation time than the blend; while R4C9 shows a much higher green strength than even 
Butyl 268 at a lower relaxed stress. 

The polymers of this example were each compounded in a typical butyl rubber innertube formulation for further 
evaluation. The formulation used is shown below (parts by weight): 
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Polymer 100 

GPF Carbon Black (Grade N660> 70 

Paraffinic rubber process oil* a ' 25 

Stearic Acid 1 



(a) Grade Flexon 845 (Exxon Chemical Company) 



The formulations were prepared using a conventional laboratory internal mixer (Banbury®) and mix cycle. Mooney 
viscosity, green strength, and stress- relaxation measurements on the compounded polymers are summarized in the 
following table. 





Polymer Mooney (ML 
1+8 at 125°C) 


Compound Mooney 
(ML 1+4 at 100°C 


Tensile Green 
Strength psi (kPa) 


4-Minute Relaxed 
Stress psi (kPa) 


Butyl 268 


50 


38.5 


24.8 (171) 


3.54 (24.4) 


Butyl 365 


33 


30 


19.8 (137) 


1.88 (13.0) 


Blend B (Ex. 1) 


37 


34.5 


24.1 (166) 


2.64(18.2) 


R49C12 


42 


30 


25.6 (177) 


1.63(11.2) 


R4C9 


50 


39 


28.3 (195) 


3.30 (22.8) 



Results are similar to the neat polymer results, and the advantages of the controlled high ends branched polymers 
are evident. The commercial butyl polymers show the expected results with the model blend being a step toward achiev- 
ing a better balance of properties. The controlled high ends branched polymers significantly altered the balance of 
properties. In this innertube formulation, R4C9 had much higher green strength than Butyl 268 and a lower relaxed 
stress. R49C12 had a compounded Mooney viscosity equivalent to Butyl 365 with a green strength better than Butyl 
268 and a relaxed stress lower than Butyl 365; a particularly desirable combination of properties. 

To complete the evaluation, vulcanizate properties were measured on the innertube formulations with the following 
results: 
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The controlled high ends branched polymers yielded a high cure state as shown by high delta Torque in the Monsanto 
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Rheometer and high modulus along with good tensile strength and elongation. Blend B had a lower cure state as indi- 
cated by the low delta Torque in the rheometer due to the unvulcanizable polyisobutylene component (Vistanex L140), 
which makes up the higher molecular weight species in this blend. 

5 Example 7 

A multifunctional lyophile-containing reagent was prepared by hydrochlorination of a styrene-isoprene-styrene tri- 
block polymer containing a very short central polyisoprene block. The triblock polymer was polymerized anionically using 
sec-BuLi as the catalyst in cyclohexane with 10% THF. Monomer was added sequentially (styrene, isoprene, and then 

10 styrene again) to form the triblock. The central polyisoprene block comprised 5.78 wt.% of the triblock polymer. It was 
functionalized by addition of HCI to the central isoprene block in methylene chloride solution at 0°C. The functionalized 
polymer contained 0.6 wt.% chlorine attached to the short central polyisoprene block; total Mn of the the triblock polymer 
was about 200,000. The functionalized triblock polymer was readily soluble in methyl chloride because of its high pol- 
ystyrene content and essentially constituted a lyophile highly functionalized in the center by virtue of the chlorine atoms 

15 on the short central polyisoprene block. Each triblock chain contained greater than 25 active chlorine atoms to serve as 
sites for attaching butyl chains during polymerization to form the high ends mode. Because of the anionic polymerization 
conditions used (10% THF present), the isoprene was largely incorporated in the 3,4 mode in the central polyisoprene 
block and the HCI adduct contained mostly pendant tertiary chlorine atoms which are highly active during cationic butyl 
polymerization conditions. The structure of the active tertiary chlorine functionality is shown below: 

20 




25 

Under cationic butyl polymerization conditions the tertiary chlorine is removed to form a tertiary carbenium ion which 
initiates a butyl chain so that the butyl chain is attached to the functionalized lyophile at the site where the tertiary chlorine 
atom was removed. The multifunctional lyophile of this example is identified as 9851 -39-D. 

This reagent was used in a batch dry box polymerization to produce a butyl rubber containing a high ends mode. 

30 A 500 ml. reaction flask fitted with a thermometer, stirrer, and dropping funnel was set up in a glove box having an 

oxygen and moisture-free nitrogen atmosphere and the flask was cooled to -65°C by immersion in a controlled temper- 
ature liquid-nitrogen-cooled heat transfer bath. The reactor was charged with 409.75 g. purified dry methyl chloride and 
then 0.25 g. 9851 -39-D was added as a dry powder and stirred in. It dissolved quickly to give a clear solution. Then 48.5 
g. purified, dried, and distilled polymerization grade isobutylene and 1.5 g. purified, dried and distilled polymerization 

35 grade isoprene and were added and stirred in to give a feed batch blend containing 10.9% of a B-3 feed with 0.5% 
9851 -39-D on monomers. Nine ml. of a catalyst solution consisting of 0.3 wt. % ethyl aluminum dichloride in methyl 
chloride was dripped in slowly over the course of 8 minutes while stirring and maintaining temperature by immersion of 
the reactor in the heat transfer bath. The reactor was then quenched by addition of cold methyl isobutyl ketone, MIBK 
(25 ml.) and transferred to the hood where it was allowed to stir and warm slowly with additional MIBK being added as 

40 the methyl chloride and unreacted monomers flashed off to yield a fine dispersion of polymer in MIBK at room temper- 
ature. The polymer was recovered by settling and decanting off the MIBK and then reslurrying in fresh MIBK and settling 
and decanting again to try to extract any unreacted functional lyophile from the butyl polymer. The extracted butyl was 
kneaded and washed in isopropanol to remove catalyst residues and then vacuum oven dried at 80° C with 0.2 wt. % 
BHT mixed into it as an antioxidant. The MIBK extracts were combined and allowed to evaporate to concentrate and 

45 then precipitated in methanol; however, essentially no polymer was present in the MIBK extracts, all the 9851 -39-D had 
become incorporated into the butyl during polymerization and was recovered with the butyl. Thirty-five and a half grams 
of white, tough, rubbery butyl rubber were recovered. Conversion was 80% with a catalyst efficiency of 1500 g/g. The 
recovered polymer had a viscosity average molecular weight of 230,000 with a INOPO of 8. 

GPC analysis using Rl and UV detectors showed the polymer to be bimodal with essentially all of the polystyrene 

50 lyophile in the high molecular weight mode as shown by the UV detector. The main polymer mode had a peak molecular 
weight of 140,000 and a normal breadth for batch butyl polymerization, but a second high molecular weight mode with 
a peak molecular weight of greater than 3 million (uncorrected) containing all of the polystyrene with many butyl arms 
attached was also present. Use of the multifunctional lyophile permitted the formation of a high molecular weight mode 
during polymerization. A large number of the butyl chains formed during polymerization were attached to each multi- 

55 functional lyophile molecule to form the high ends mode. Although only 0.5% of the functional polystyrene based on 
monomers was added to the polymerization, approximately 11% of the butyl became incorporated into the high ends 
mode because so many (i.e., approx. 25) butyl chains became attached to each multifunctional polystyrene. The amount 
of the high ends mode can readily be varied by varying the amount of the multifunctional lyophile added to the polym- 
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erization; the molecular weight of the high ends mode is readily controlled by varying the functionality of the multifunc- 
tional lyophile and thus the number of butyl chains formed during polymerization which become linked together by virtue 
of being attached to the same lyophile molecule. This approach then affords a practical way of controlling both the 
molecular weight and amount of the high ends mode produced. Other molecular weight characteristics of the modified 
s polymer were: Mn 99,000; Mw = 550,000; Mw/Mn = 5.55; Mz/Mw (LALLS) = greater than 9. 

Example 8 

A multifunctional lyophile-containing reagent was prepared by hydrochlorination of a styrene-isoprene-styrene tri- 
10 block polymer containing a short central polyisoprene block. In this example, the lyophile was prepared by "living" anionic 
polymerization of styrene in cyclohexane at 60°C with sec-BuLi catalyst; after completion of the styrene polymerization 
a small amount of isoprene was added as a capping agent and then the capped polymer was coupled with ethyl benzoate 
to give triblock polymer with a very short central polyisoprene block. The coupled triblock polymer had a molecular weight 
of 170,000 with an INOPO of 5.6 and contained about 1 .3 wt. % isoprene as a central block attached to the coupling 
15 agent. It was functionalized by addition of HCI in methylene chloride at approximately 3°C. The functionalized polymer 
contained 0.39 wt. % chlorine mostly present as the tertiary chloride, as in Example 7. The functionalized lyophile con- 
tained about 20 active chlorine atoms per chain, again clustered in the short central polyisoprene portion. This polyfunc- 
tional lyophile was identified as 10564-48-6. It was used in a batch dry box polymerization to produce a butyl rubber 
containing a high ends mode. 

20 a batch butyl polymerization was conducted as in Example 7 except that 0.25 g. 10564-48-6 was dissolved in the 

methyl chloride as the polyfunctional lyophile instead of 9851 -39-D. In this batch run, 7-1/4 ml. of 0.3% EADC in methyl 
chloride catalyst was dripped in over the course of 10 minutes while maintaining reactor temperature between -64 and 
-62°C. 11.7 g. of tough, rubbery butyl rubber were recovered as in Example 7. The rubber had a viscosity, average 
molecular weight of 286,000 and an INOPO of 9.1 . GPC analysis showed this polymer was also bimodal containing a 

25 high ends mode consisting of many butyl chains attached to the polyfunctional lyophile. In this example the main mode 
had a peak molecular weight of 1 80,000, and the high ends mode a peak (uncorrected) of greater than 4.5 million. Again, 
the polyfunctional lyophile permitted production during polymerization of a butyl rubber containing a high ends mode. 
The amount and molecular weight of this high ends mode is controllable by varying the amount and functionality of the 
polyfunctional lyophile. Other molecular weight characteristics of the modified polymer were: Mn = 160,000; Mw = 

30 81 0,000; Mw/Mn = 5.08; Mz/Mw (LALLS) - greater than 9; estimated fraction of polymer in high molecular weight fraction 
= 21%. 

Example 9 

35 Several multifunctional lyophile-containing reagents were prepared by hydrochlorination of a series of random sty- 

rene/isoprene copolymers prepared by radical polymerization of styrene/isoprene feeds in toluene using azo-bis-isobu- 
tyronitrile (AZBN) initiator at 80° C. These multifunctional lyophiles were used in batch polymerization as in Example 7 
to prepare butyl rubbers containing a high ends mode. The amount and molecular weight of the high ends mode was 
controllable by varying the amount and functionality of the multifunctional lyophile; Tables 9-1 and 9-2 below summarize 

40 the experimental results. It can be seen that useful polymers can be produced and that gel can result if an excessive 
amount of cationically active functionality is present in the branching agent. 



45 
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HCSI Branching Agent < a > 



Run 


I^oprene^ 


Chlorine < b > 


i£v(C) 


Cl/chain. (d) 


1 


0.32 


0.14 


125 


20 


2 


0.32 


0.14 


125 


20 


3 


0.52 


0.24 


85 


25 


4 


0.66 


0.33 


60 


25 


5 


0.66 


0.33 


60 


25 


6 


1.0 


0.93 


135 


150 



(a) Hydrochlorinated styrene/isoprene radical copolymer, 

(b) Weight %• 

(c) Values shown are x 10~ 3 . 

(d) Approximate number of chlorine atoms per chain. 



Polymerizations Using HCSI Branchi ng Aaent 





Agent < a > 




Run 


Cone 


MP 


1 


0.5 


280 


2 


1.0 


250 


3 


0.75 


300 


4 


0.5 


320 


5 


1.0 


150 


6 


1.0 


GEL 



- NO 



3.5 
4.9 
3.5 
3.5 
6.0 

GPC RESULTS 



High Ends 

8.0 
15.5 
12.5 

8.5 
16.5 



(a) Weight percent based on monomers 

(b) Values shown are xl0~ 3 

(c) Using LALLS/GPC technique 

(d) Weight percent polymer equal to and greater than 4Mp; 
separate high ends mode with peak MW greater than 2.5 
x 10 6 . 



Example 10 

A series of multifunctional lyophile-containing reagents were prepared by chlorination under radical conditions of a 
series of commercial and radically polymerized polystyrenes. The polystyrenes were chlorinated in methylene chloride 
using in situ formed t-butyl hypochlorite as the chlorinating agent. The in situ t-butyl hypochlorite was formed by bubbling 
chlorine gas into a methylene chloride solution of the polystyrene containing t-butyl alcohol plus some aqueous NaOH. 
Under these conditions some benzylic chlorines, which are active under cationic polymerization conditions and serve 
as sites for attaching butyl chains, are introduced into the polystyrene. The active benzylic chlorines introduced are 
shown below: 
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CI 

I 




Other less active chlorines are also introduced into the polystyrene block under these conditions so that the branch- 
ing reagent can be synthesized to contain a higher concentration of chlorine before its use results in a gelled polymer. 
The multifunctional lyophiles so prepared were used in batch butyl polymerization as in Example 9 to prepare butyl 
rubbers containing a high ends mode. The amount and molecular weight of the high ends mode was controlled by 
varying the amount and functionality of the multifunctional lyophile; Table 10-1 below summarizes the experimental 
results. 



Table 10-1 

cps praywlung Agent (a 











Agent 






High Ends 


Run 


51 
(b) 


MY 
(c) 


ci/chain 


Con<? t 


MP 




Fraction 


(d) 


(e) 


(c) 


(f) 


(g) 


1 


1.99 


285 


100 


0.5 


300 


3.0 


6.1 


2 


1.99 


285 


100 


1.0 


150 


5.0 


11.5 


3 


0.37 


265 


15 


1.0 


300 


2.4 


4 


4 


0.37 


265 


15 


2.0 


250 


3.5 


8 


5 


10.48 


221 


300 


0.5 


250 


3.5 


6.2 


6 


10.48 


221 


300 


1.0 


180 


6.0 


12.5 


7 


0.84 


468 


50 


0.5 


280 


3.5 


7.5 


8 


0.84 


468 


50 


1.0 


240 


6.0 


14.5 


9 


6.48 


79 


75 


0.5 


300 


3.0 


6.2 


10 


6.48 


79 


75 


1.0 


180 


5.5 


12.5 



(a) Radical Chlorinated Polystyrene 

(b) Weight percent 

(c) Values shown are x 10" 3 

(d) Approximate number of chlorine atoms per chain 

(e) Weight percent based on monomer 
(£) LALLS/GPC technique 

(g) Weight percent polymer equal to and greater than 4Mp; 
separate high ends mode except for runs 3,4 with broadened 
distribution. High ends peaK MW greater than 2 x 10 b ; 
runs 7, 8 greater than 3 x 10 6 



The use of multifunctional lyophile-containing reagents of the type described in Examples 7-10 to introduce a con- 
trolled high ends mode into butyl rubber during polymerization is particularly desirable under continuous polymerization 
conditions because it introduces the desired high ends mode in a controllable manner without the associated problem 
of fouling the reactor with insoluble gel which prevents washing the reactor. Additionally, the multifunctional lyophile acts 
as a slurry stabilizer to prevent reactor fouling and so is a particularly desirable way of introducing the high ends mode. 



Example 11 



Several polymers of the present invention were tested for green strength using the test method previously described 
as the stress relaxation processability tester (SRPT). Testing was conducted at 30°C and measurements were made 
at 75% relaxation for polymers, 50% for blends. Two groups of polymers and blends were tested, unhalogenated and 
brominated. For the first group of unhalogenated compositions, comparative polymers included butyl rubber grade 268 
and grade 365 as previously described. The data was normalized using the results for Butyl 268 as the reference, with 
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the data for the comparative polymers establishing a reference line (Fig. 5). The blend and directly polymerized polymers 
had green strength and relaxation time values that generally exceeded this reference line. Several of the samples tested 
were produced in a large scale polymerization plant and average values representing three samples each are shown. 
It can be seen that, compared with the reference polymer, the improved composition of this invention has a faster re- 

s laxation time at a given green strength and, conversely, a higher green strength for a given relaxation time. Preferably 
the improved compositions have at least about a 5% improvement, as characterized by stress relaxation, more preferably 
at least about 1 0%, most preferably at least about 1 5%, for example, a 20% improvement. As can be seen from Figures 
5 and 6 (as discussed below) the rate of change of green strength improvements differs from that of stress relaxation. 
At constant stress relaxation the preferred improvement in green strength would be approximately one-half of the values 

10 just recited, i.e., preferably at least about a 2.5% improvement, etc. The reference polymer, as described in detail in 
previous examples, is a substantially linear polymer in its molecular configuration and does not contain the desirable 
high ends fraction which can also be achieved through blending (as, for example, where essentially linear components 
are used to prepare the blend). 

Similar results are obtained where the polymer composition of the present invention is a halogenated polymer, e.g., 

15 brominated. Polymers of this type were prepared and compared, as above, using a brominated butyl reference polymer, 
grade 2222 (Mooney viscosity, 1 +8 at 1 25°C = 32 + 5, typical bromine content, 2 wt. %). In addition, another commercial 
polymer was used for comparative purposes to establish a reference line for substantially linear polymers, brominated 
butyl grade 2233 (Mooney viscosity, 1+8 at 125°C = 37 ± 5, typical bromine content, 2 wt. %). The data are shown in 
Fig. 6; the data point for the large scale plant represents an average of six individual samples. 

20 

Claims 

1. A composition of matter comprising a C 4 -C 7 isoolefin homopolymer rubber, butyl copolymerr rubber, or mixtures 
25 thereof, wheirein the molecular weight distribution of said rubber or said mixture is such that the ratio of the moments 

of said molecular weight distribution, Mz/Mw, is equal to or exceeds 2.0 and that portion of said molecular weight 
distribution which is equal to and greater than 4 times the peak molecular weight, Mp, comprises at least 1 0 weight 
percent of the total polymer species, Mp is greater than 250,000 and wherein said polymer species of molecular 
weight less than Mp are substantially branch free. 

30 

2. The composition of claim 1 wherein Mz/Mw exceeds 2.2. 

3. The composition of claim 1 wherein Mz/Mw is from 2.0 to 11 .0. 

35 4. The composition of claim 1 , 2, or 3 wherein said rubber is substantially gel free. 

5. The composition of claim 1 , 2, 3, or 4 wherein said butyl rubber comprises cationically polymerized copolymers of 
C 4 -C 7 isoolefins and C 4 -C 14 conjugated dienes which comprise 0.5 to 15 mole percent of said diene and 85 to 99.5 
mole percent of said isoolefin. 

40 

6. The composition of any one of the preceding claims wherein said butyl rubber is isobutylene isoprene rubber. 

7. The composition of any one of the preceding claims wherein said rubber has a molecular weight, Mz, greater than 
1 .2 X 10 6 as measured by gel permeation chromatography with a low angle laser light scattering detector. 

45 

8. The composition according to any one of the preceding claims wherein said butyl rubber is isobutylene-isoprene 
rubber and Mz is greater than 2.0 X 10 6 as measured by gel permeation chromatography with a low angle laser 
light scattering detector. 

50 9. The composition of any one of the preceding claims wherein said butyl copolymer rubber is halogenated, preferably 
with chlorine or bromine. 

10. The composition according to any one of the preceding claims when in the form of a mixture of said homopolymers 
and/or copolymers of appropriate molecular weight, comprising (A) from 5 to 25 weight percent of a high molecular 

55 weight component, (B) from 0 to 20 weight percent of a low molecular weight component, and (C) a moderate 

molecular weight component, wherein the sum of (A) + (B) + (C) equals 100 percent. 

11. The composition of claim 10 wherein said components are present as follows : (A) from 10 to 20 weight percent; 
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(B) from 0 to 15 weight percent; and (C) such that (A) + (B) + (C) equals 100 percent. 

12. The composition of claim 10 or 11 wherein the viscosity average molecular weight of (A) is from 1 .5 to 3.0 X 10 6 ; 
(B) is from 1 .5 to 2.5 X 1 0 5 ; and (C) is from 3.0 to 4.0 X 1 0 5 . 

5 

13. The composition of claim 12 wherein the viscosity average molecular weight of (A) is from 1 .8 to 2.7 X 10 6 ; (B) is 
from 1.8 to 2.2 X 10 5 ; and (C) is from 3.3 to 3.7 X 10 5 . 

14. The composition according to any one of the preceding claims wherein that portion of the molecular weight distri- 
10 bution which is equal to and greater than 4 times Mp comprises at most to 25 percent of the total polymer species. 

15. The composition according to any one of the preceding claims wherein said molecular weight distribution includes 
a discrete branched high molecular weight mode at a molecular weight greater than 4Mp. 

15 16. The composition according to any one of the preceding claims further comprising an effective amount of a cationically 
functional reagent capable of participating in the cationic polymerization reaction producing said rubber, thereby 
copolymerizing or forming a chemical bond with said rubber. 

17. The composition of claim 16 wherein the concentration of functional reagent copolymerized or chemically bonded 
20 to said rubber is from 0.3 to 3.0 weight %. 

18. The composition to claim 1 6 or 1 7 wherein said cationically functional reagent comprises cationically active halogen 
or cationically active unsatu ration. 

25 1 9. The composition of claim 1 8 wherein said cationically active unsaturation comprises a polydiene and partially hydro- 
genated polydiene selected from the group consisting of polybutadiene, polyisoprene, polypiperylene, natural rub- 
bery styrene-butadiene rubber, ethylene-propylene diene monomer rubber, styrene-butadiene-styrene and sty- 
rene-isoprene-styrene block copolymers. 

30 20. The composition of claim 18 or 1 9 wherein said reagent further comprises a lyophilic, polymerization diluent soluble 
portion. 

21. The composition of claim 20 wherein said functional reagent is a multifunctional lyophile. 

35 22. The composition of claim 21 wherein said multifunctional lyophile comprises polystyrene comprising cationically 
active halogen functionality, or a hydrohalogenated styrene-isoprene-styrene triblock polymer. 

23. The composition of claim 22 wherein said triblock polymer has a number average molecular weight of from 1 00,000 
to 300,000, the central polyisoprene block prior to hydrohalogenation comprises from 1 to 1 0 weight percent of said 

40 triblock polymer and following hydrohalogenation contains from 0.1 to 1 .0 weight percent halogen. 

24. A process for producing a composition as / defined in any one of the preceding claims which comprises conducting 
the polymerization in the presence of an effective amount of a cationically functional reagent that is substantially all 
grafted to the polymer. 

45 

25. The process of claim 24 wherein said functional reagent is present during polymerization at a concentration of from 
0.3 to 3.0 % by weight, based on the weight of monomers to be polymerized. 

26. The process of claim 24 or 25 wherein said cationically functional reagent comprises cationically active halogen or 
50 cationically active unsaturation. 

27. The process of claim 26 wherein said cationically active unsaturation comprises a polydiene and partially hydro- 
genated polydiene selected from the group consisting of polybutadiene, polyisoprene, polypiperylene, natural rub- 
ber, styrene-butadiene rubber, ethylene-propylene diene monomer rubber, styrene-butadiene-styrene and sty- 

55 rene-isoprene-styrene block copolymers. 

28. The process of any one of claims 24 to 27 which comprises conducting said polymerization in a diluent in which 
said rubber is soluble. 
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29. The process of claim 28 in which said diluent is selected from the group consisting of aliphatic hydrocarbons and 
aliphatic hydrocarbons blended with methyl chloride, methylene chloride, vinyl chloride or ethyl chloride. 

30. The process of any one of claims 24 to 29 wherein said reagent further comprises a lyophilic, polymerization diluent 
s soluble portion. 

31 . The process of any one of claims 24 to 30 wherein said functional reagent is capable of stabilizing the polymerized 
rubber product produced as a slurry. 

10 32. The process of claim 31 wherein said functional reagent is a multifunctional lyophile. 

33. The process of claim 32 wherein said multifunctional lyophile comprises polystyrene comprising cationically active 
halogen functionality, or a hydrohalogenated styrene-isoprene-styrene triblock polymer. 

15 34. The process of claim 33 wherein said triblock polymer has a number average molecular weight of from 1 00,000 to 
300,000, the central polyisoprene block prior to hydrohalogenation comprises from 1 to 10 weight percent of said 
triblock polymer and following hydrohalogenation contains from 0.1 to 1 .0 weight percent halogen. 

35. The process of claim 32, 33 or 34 wherein there is present during polymerization from 0.3 to 3.0 weight percent of 
20 said multifunctional lyophile based on the monomers to be polymerized. 

36. A process for producing a composition as defined in any one of claims 1 to 23 which comprises conducting the 
polymerization of said rubber in two or more polymerization zones and blending the product of said zones. 

25 37. The process of claim 36 wherein said zones are present in a single polymerization vessel. 

38. The process of claim 36 wherein said zones are present in two or more polymerization reactors operating in parallel 
or series. 

30 39. a composition according to any one of claims 1 to 23 or produced by the process according to any one of claims 
24 to 38 when comprising butyl copolymer rubber, halogenated butyl copolymer rubber or a mixture thereof, when 
in the form of or used for producing an inner tubes a tire innerliner or a tire sidewalk 

40. A composition of matter as claimed in claim 1 and comprising a linear and/or branched high molecular weight fraction 
35 of a C 4 -C 7 isoolefin homopolymer rubber, butyl copolymer rubber, or mixtures thereof wherein, relative to a sub- 
stantially linear butyl copolymer rubber, said composition exhibits at least a 5% faster stress relaxation at equivalent 
green strength or at least a 5% higher green strength at equivalent stress relaxation. 

41. The composition of claim 40 wherein said composition is halogenated and said substantially linear rubber is halo- 
40 genated. 

42. The composition of claim 41 wherein the halogen is bromine or chlorine. 



45 Patentanspriiche 

1. Materialzusammensetzung, die einen C 4 - bis C 7 -lsoolefinhomopolymerkautschuk, Butylcopolymerkautschuk oder 
Mischungen daraus umfaBt, bei der die Molekulargewichtsverteilung des Kautschuks oder der Mischung so ist, daB 
das Verhaltnis der Momente der Molekulargewichtsverteilung M z /M w gleich oder groBer als 2,0 ist und der Anteil 

50 der Molekulargewichtsverteilung, der gleich oder groBer als das Vierfache des Scheitelwertes des Molekularge- 

wichts, M p , ist, mindestens 10 Gew.% der gesamten Polymerspezies ausmacht, wobei M p groBer als 250 000 ist 
und die Polymerspezies mit einem Molekulargewicht geringer als M p im wesentlichen frei von Verzweigungen sind. 

2. Zusammensetzung nach Anspruch 1 , bei der M z /M w groBer als 2,2 ist. 

55 

3. Zusammensetzung nach Anspruch 1 , bei der M z /M w 2,0 bis 1 1 ,0 betragt. 

4. Zusammensetzung nach Anspruch 1 , 2 oder 3, bei der der Kautschuk im wesentlichen gelfrei ist. 
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5. Zusammensetzung nach Anspruch 1,2,3 Oder 4, bei der der Butylkautschuk kationisch polymerisierte Copolymere 
aus C 4 -bis C 7 -lsoolefinen und konjugierten C 4 - bis C 14 -Dienen umfaBt, die 0,5 bis 15 Mol.% des Diens und 85 bis 
99,5 Mol.% des Isoolefins umfassen. 

s 6. Zusammensetzung nach einem der vorhergehenden Anspruchen, bei der der Butylkautschuk Isobutylen-lso- 
pren-Kautschuk ist. 

7. Zusammensetzung nach einem der vorhergehenden Anspruchen, bei der der Kautschuk ein durch Gelpermeati- 
onschromatographie mit einem Kleinwinkel-Laserlichtstreuungsdetektor gemessenes Molekulargewicht, M z , von 

10 mehr als 1,2 x 10 6 hat. 

8. Zusammensetzung nach einem der vorhergehenden Anspruchen, bei der der Butylkautschuk Isobutylen-lso- 
pren-Kautschuk und das durch Gelpermeationschromatographie mit einem Kleinwinkel-Laserlichtstreuungsdetek- 
tor gemessene M z groBer als 2,0 x 10 6 ist. 

15 

9. Zusammensetzung nach einem der vorhergehenden Anspruchen, bei der der Butylcopolymerkautschukhalogeniert 
ist, vorzugsweise mit Chlor oder Brom. 

10. Zusammensetzung nach einem der vorhergehenden Anspruchen, die, wenn sie in Form einer Mischung aus den 
20 Homopolymeren und/oder Copolymeren mit geeignetem Molekulargewicht vorliegt, (A) 5 bis 25 Gew.% einer Kom- 

ponente mit hohem Molekulargewicht, (B) 0 bis 20 Gew.% einer Komponente mit niedrigem Molekulargewicht und 
(C) eine Komponente mit mittlerem Molekulargewicht umfaBt, wobei die Summe aus (A), (B) und (C) 100 % ergibt. 

11. Zusammensetzung nach Anspruch 10, bei der die Komponenten wie folgt vorliegen: (A) 10 bis 20 Gew.%, (B) 0 bis 
25 1 5 Gew.% und (C) so, daB (A) + (B) + (C) 1 00 % ergeben. 

12. Zusammensetzung nach Anspruch 10 oder 11, bei der das durchschnittliche Molekulargewicht (Viskositatsmittel) 
von (A) 1 ,5 bis 3,0 x 1 0 6 , von (B) 1 ,5 bis 2,5 x 1 0 5 und von (C) 3,0 bis 4,0 x 1 0 5 betragt. 

30 13. Zusammensetzung nach Anspruch 12, bei der das durchschnittliche Molekulargewicht (Viskositatsmittel) von (A) 
1 ,8 bis 2,7 x 1 0 6 , von (B) 1 ,8 bis 2,2 x 1 0 5 und von (C) 3,3 bis 3,7 x 1 0 5 betragt. 

14. Zusammensetzung nach einem der vorhergehenden Anspruchen, bei der der Anteil der Molekulargewichtsvertei- 
lung, der gleich und groBer als das vierfache von M p ist, hochstens 25 % der gesamten Polymerspezies ausmacht. 

35 

15. Zusammensetzung nach einem der vorhergehenden Anspruchen, bei der die Molekulargewichtsverteilung eine 
diskrete verzweigte Form mit hohem Molekulargewicht bei einem Molekulargewicht groBer als 4 M p einschlieBt. 

16. Zusammensetzung nach einem der vorhergehenden Anspruchen, die auBerdem eine effektive Menge eines katio- 
40 nisch-funktionalen Reagenzes umfaBt, das in der Lage ist, an der kationischen Polymerisationsreaktion zur Her- 

stellung des Kautschuks teilzuhaben, wodurch mit dem Kautschuk copolymerisiert wird oder eine chemische Bin- 
dung mit dem Kautschuk gebildet wird. 

17. Zusammensetzung nach Anspruch 16, bei der die Konzentration des funktionalen Reagenzes, das mit dem Kau- 
45 tschuk copolymerisiert oder chemisch an den Kautschuk gebunden ist, 0,3 bis 3,0 Gew.% betragt. 

18. Zusammensetzung nach Anspruch 16 oder 17, bei der das kationisch-funktionale Reagenz kationisch aktives Halo- 
gen oder kationisch aktive Ungesattigtheit umfaBt. 

so 19. Zusammensetzung nach Anspruch 18, bei der die kationisch aktive Ungesattigtheit ein Polydien und teilweise 
hydriertes Polydien ausgewahlt aus der Gruppe bestehend aus Polybutadien, Polyisopren, Polypiperylen, Natur- 
kautschuk, Styrol-Butadienkautschuk, Ethylen-Propylen-Dienmomonerkautschuk, Styrol-Butadien-Styrol- und Sty- 
rol-lsopren-Styrol-Blockcopolymeren umfaBt. 

55 20. Zusammensetzung nach Anspruch 18 oder 19, bei der das Reagenz auBerdem einen lyophilen, in dem Polymeri- 
sationsverdunnungsmittel loslichen Anteil umfaBt. 

21. Zusammensetzung nach Anspruch 20, bei der das funktionale Reagenz ein multifunktionales Lyophil ist. 
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22. Zusammensetzung nach Anspruch 21, bei der das multifunktionale Lyophil Polystyrol mit kationisch aktiver Halo- 
genfunktionalitat oder ein hydrohalogeniertes Styrol-lsopren-Styrol-Triblockpolymer umfaGt. 

23. Zusammensetzung nach Anspruch 22, bei der das Triblockpolymer ein durchschnittliches Molekulargewicht (Zah- 
s lenmittel) von 100 000 bis 300 000 hat, der mittige Polyisoprenblock vor der Hydrohalogenierung 1 bis 10 Gew.% 

des Triblockpolymers ausmacht und nach der Hydrohalogenierung 0,1 bis 1 ,0 Gew.% Halogen enthalt. 

24. Verfahren zur Herstellung einer Zusammensetzung gemaR einem der vorhergehenden Anspruchen, bei dem die 
Polymerisation in Gegenwart einer effektiven Menge eines kationisch-funktionalen Reagenzes durchgefuhrt wird, 

10 das im wesentlichen vollstandig auf das Polymer aufgepfropft wird. 

25. Verfahren nach Anspruch 24, bei dem das funktionale Reagenz wahrend der Polymerisation in einer Konzentration 
von 0,3 bis 3,0 Gew.%, bezogen auf das Gewicht der zu polymerisierenden Monomere, vorhanden ist. 

15 26. Verfahren nach Anspruch 24 oder 25, bei dem das kationischfunktionale Reagenz kationisch aktives Halogen oder 
kationisch aktive Ungesattigtheit umfafBt. 

27. Verfahren nach Anspruch 26, bei dem die kationisch aktive Ungesattigtheit ein Polydien und teilweise hydriertes 
Polydien ausgewahlt aus der Gruppe bestehend aus Polybutadien, Polyisopren, Polypiperylen, Naturkautschuk, 

20 Styrol-Butadienkautschuk, Ethylen-Propylen-Dienmomonerkautschuk, Styrol-Butadien-Styrol- und Styrol-lso- 

pren-Styrol-Blockcopolymeren umfalBt. 

28. Verfahren nach einem der Anspruche 24 bis 27, bei dem die Polymerisation in einem Verdunnungsmittel durchge- 
fuhrt wird, in welchem der Kautschuk loslich ist. 

25 

29. Verfahren nach Anspruch 28, bei dem das Verdunnungsmittel ausgewahlt ist aus der Gruppe bestehend aus ali- 
phatischen Kohlenwasserstoffen und mit Methylchlorid, Methylenchlorid, Vinylchlorid oder Ethylchlorid gemischten 
aliphatischen Kohlenwasserstoffen. 

30 30. Verfahren nach einem der Anspruche 24 bis 29, bei dem das Reagenz auGerdem einen lyophilen, in dem Polyme- 
risationsverdunnungsmittel loslichen Anteil umfaGt. 

31. Verfahren nach einem der Anspruche 24 bis 30, bei dem das funktionale Reagenz zur Stabilisierung des als Auf- 
schlammung hergestellten polymerisierten Kautschukprodukts in der Lage ist. 

35 

32. Verfahren nach Anspruch 31, bei dem das funktionale Reagenz ein multifunktionales Lyophil ist. 

33. Verfahren nach Anspruch 32, bei dem das multifunktionale Lyophil Polystyrol, das kationisch aktive Halogenfunk- 
tionalitat umfaGt, oder ein hydrohalogeniertes Styrol-lsoprenStyrol-Triblockpolymer umfaGt. 

40 

34. Verfahren nach Anspruch 33, bei dem das Triblockpolymer ein durchschnittliches Molekulargewicht (Zahlenmittel) 
von 100 000 bis 300 000 hat, der mittige Polyisoprenblock vor der Hydrohalogenierung 1 bis 10 Gew.% des Tri- 
blockpolymers ausmacht und nach der Hydrohalogenierung 0,1 bis 1,0 Gew.% Halogen enthalt. 

45 35. Verfahren nach Anspruch 32, 33 oder 34, bei dem wahrend der Polymerisation 0,3 bis 3,0 Gew.% des multifunk- 
tionalen Lyophils, bezogen auf die zu polymerisierenden Monomere, vorhanden sind. 

36. Verfahren zur Herstellung einer Zusammensetzung gemaB einem der Anspruche 1 bis 23, bei dem die Polymeri- 
sation des Kautschuks in zwei oder mehr Polymerisationszonen durchgefuhrt wird und das Produkt der Zonen 

so vermischt wird. 

37. Verfahren nach Anspruch 36, bei dem die Zonen in einem einzigen PolymerisationsgefaR vorhanden sind. 

38. Verfahren nach Anspruch 36, bei dem die Zonen in zwei oder mehr Polymerisationsreaktoren vorhanden sind, die 
55 parallel oder in Reihe gefahren werden. 

39. Zusammensetzung nach einem der Anspruche 1 bis 23 oder hergestellt nach dem Verfahren gemafB einem der 
Anspruche 24 bis 38, die, wenn sie Butylcopolymerkautschuk, halogenierten Butylcopolymerkautschuk oder eine 
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Mischung daraus umfaftt, in Form eines Luftschlauchs, einer Reifenzwischenlage Oder einer Reifenseitenwand 
vorliegt oder zur Herstellung derselben verwendet wird. 

40. Materialzusammensetzung nach Anspruch 1 , die eine lineare und/oder verzweigte Fraktion mit hohem Molekular- 
s gewicht aus einem C 4 - bis C 7 -lsoolefinhomopolymerkautschuk, Butylcopolymerkautschuk oder Mischungen daraus 

umfafBt, wobei die Zusammensetzung relativ zu einem im wesentlichen linearen Butylcopolymerkautschuk eine 
mindestens 5 % schnellere Spannungsrelaxation bei aquivalenter Grunfestigkeit oder eine mindestens 5 % hohere 
Grunfestigkeit bei aquivalenter Spannungsrelaxation zeigt. 

10 41. Zusammensetzung nach Anspruch 40, bei der die Zusammensetzung halogeniert ist und der im wesentlichen 
lineare Kautschuk halogeniert ist. 

42. Zusammensetzung nach Anspruch 41 , bei der das Halogen Brom oder Chlor ist. 

15 

Revendications 

1. Composition comprenant un caoutchouc d'homopolymere d'isoolefine en C 4 a C 7 , un caoutchouc de copolymere 
butyle ou un de leurs melanges, dans laquelle la distribution des poids moleculaires dudit caoutchouc ou dudit 

20 melange est telle que le rapport des moments de ladite distribution des poids moleculaires, Mz/Mp, soit egal ou 

superieur a 2,0 et que la partie de ladite distribution des poids moleculaires qui est egale ou superieure a 4 fois le 
pic de poids moleculaire, Mp, represente au moins 10 % en poids de I'entite polymerique totale, Mp soit superieur 
a 250 000 et les entites polymeriques ayant un poids moleculaire inferieur a Mp soient pratiquement depourvues 
de ramifications. 

25 

2. Composition suivant la revendication 1 , dans laquelle le rapport Mz/Mp excede 2,2. 

3. Composition suivant la revendication 1 , dans laquelle le rapport Mz/Mp a une valeur de 2,0 a 11 ,0. 

30 4. Composition suivant la revendication 1 , 2 ou 3, dans laquelle le caoutchouc est pratiquement depourvu de gel. 

5. Composition suivant la revendication 1 , 2, 3 ou 4, dans laquelle le caoutchouc butyle comprend des copolymeres, 
formes par polymerisation cation ique, d'isoolefines en C 4 a C 7 et de dienes conjugues en C 4 a C 14 qui comprennent 
0,5 a 15 moles pour cent desdits dienes et 85 a 99,5 moles pour cent desdites isoolefines. 

35 

6. Composition suivant Tune quelconque des revendications precedentes, dans laquelle le caoutchouc butyle est un 
caoutchouc isobutylene-isoprene. 

7. Composition suivant Tune quelconque des revendications precedentes, dans laquelle le caoutchouc a un poids 
40 moleculaire, Mz, superieur a 1 ,2 x 1 0 6 , mesure par chromatographie de permeation sur gel au moyen d'un detecteur 

de diffusion de lumiere laser a petit angle. 

8. Composition suivant Tune quelconque des revendications precedentes, dans laquelle le caoutchouc butyle est un 
caoutchouc isobutylene-isoprene et Mz est superieur a 2,0 x 10 6 , la mesure etant effectuee par chromatographie 

45 de permeation sur gel au moyen d'un detecteur de diffusion de lumiere laser a petit angle. 

9. Composition suivant Tune quelconque des revendications precedentes, dans laquelle le caoutchouc de copolymere 
butyle est halogene, de preference avec le chlore ou le brome. 

so 10. Composition suivant Tune quelconque des revendications precedentes, lorsqu'elle est sous forme d'un melange 
desdits homopolymeres et/ou copolymeres de poids moleculaire approprie, comprenant (A) 5 a 25 % en poids d'un 
constituant de haut poids moleculaire, (B) 0 a 20 % en poids d'un constituant de bas poids moleculaire et (C) un 
constituant de poids moleculaire moyen, la somme (A) + (B) + (C) egale a 100 pour cent. 

55 11. Composition suivant la revendication 10, dans laquelle les constituants sont presents de la maniere suivante : (A) 
de 10 a 20 pour cent en poids, (B) de 0 a 15 pour cent en poids et (C) de telle sorte que la somme (A) + (B) + (C) 
soit egale a 100 pour cent. 
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12. Composition suivant la revendication 10 ou 11, dans laquelle la moyenne selon viscosite du poids moleculaire de 
(A) va de 1 ,5 a 3,0 x 1 0 6 , celle de (B) va de 1 ,5 a 2,5 x 1 0 5 et celle de (C) va de 3,0 a 4,0 x 1 0 5 

13. Composition suivant la revendication 12, dans laquelle la moyenne selon viscosite du poids moleculaire de (A) va 
de 1 ,8 a 2,7 x 1 0 6 , celle de (B) va de 1 ,8 a 2,2 x 1 0 5 et celle de (C) va de 3,3 a 3,7 x 1 0 5 

14. Composition suivant Tune quelconque des revendications precedentes, dans laquelle la partie de la distribution du 
poids moleculaire est egale ou superieure a 4 fois la valeur de Mp represente au plus 25 pour cent de I'entite 
polymerique totale. 

1 5. Composition suivant Tune quelconque des revendications precedentes, dans laquelle la distribution des poids mole- 
culaires comprend un mode a haut poids moleculaire, ramifie, distinct, a un poids moleculaire superieur a 4 Mp. 

16. Composition suivant Tune quelconque des revendications precedentes, comprenant en outre une quantite efficace 
15 d'un reactif a fonctionnalite cationique capable de participer a la reaction de polymerisation cationique produisant 

ledit caoutchouc, en presentant une copolymerisation ou en formant une liaison chimique avec ledit caoutchouc. 

17. Composition suivant la revendication 16, dans laquelle la concentration de reactif fonctionnel copolymerise ou lie 
chimiquement au caoutchouc va de 0,3 a 3,0 pour cent en poids. 

20 

18. Composition suivant la revendication 16 ou 17, dans laquelle le reactif a fonctionnalite cationique comprend un 
halogene cationiquement actif ou une insaturation cationiquement active. 

19. Composition suivant la revendication 18, dans laquelle I' insaturation cationiquement active comprend un polydiene 
25 et un polydiene partiellement hydrogene choisi dans le groupe consistant en le polybutadiene, le polyisopropene, 

le polypiperylene, le caoutchouc naturel, le caoutchouc styrene-butadiene, un caoutchouc ethylene-propy- 
lene-monomere dienique, et des copolymeres sequences styrene-butadiene-styrene et styrene-isoprene-styrene. 

20. Composition suivant la revendication 18 ou 19, dans laquelle le reactif comprend en outre une portion lyophile 
30 soluble dans le diluant de polymerisation. 

21. Composition suivant la revendication 20, dans laquelle le reactif fonctionnel est un agent lyophile multifonctionnel. 

22. Composition suivant la revendication 21, dans lequel I'agent lyophile multifonctionnel comprend un polystyrene 
35 renfermant une fonctionnalite halogene cationiquement active, ou un polymere trisequence styrene-isoprene-sty- 
rene hydrohalogene. 

23. Composition suivant la revendication 22, dans laquelle le polymere trisequence a une moyenne numerique du poids 
moleculaire de 100 000 a 300 000, le bloc polyisoprene central, avant hydrohalogenation, represente 1 a 10 pour 

40 cent en poids dudit polymere trisequence et, apres hydrohalogenation, contient 0,1 a 1,0 pour cent en poids 

d'halogene. 

24. Procede de production d'une composition repondant a la definition suivant Tune quelconque des revendications 
precedentes, qui comprend la conduite de la polymerisation en presence d'une quantite efficace d'un reactif a fonc- 

45 tionnalite cationique qui est pratiquement greffe en totalite au polymere. 

25. Procede suivant la revendication 24, dans lequel le reactif fonctionnel est present au cours de la polymerisation a 
une concentration de 0,3 a 3,0 % en poids, sur la base du poids des monomeres a polymeriser. 

50 26. Procede suivant la revendication 24 ou 25, dans lequel le reactif a fonctionnalite cationique comprend un halogene 
cationiquement actif ou une insaturation cationiquement active. 

27. Procede suivant la revendication 26, dans lequel I'insaturation cationiquement active comprend un polydiene et un 
polydiene partiellement hydrogene choisis dans le groupe consistant en polybutadiene, polyisoprene, polypipe- 

55 rylene, caoutchouc naturel, caoutchouc styrenebutadiene, caoutchouc ethylene-propylene-monomere dienique et 

copolymeres sequences styrene-butadiene-styrene et styrene-isoprene-styrene. 

28. Procede suivant I'une quelconque des revendications 24 a 27, qui comprend la conduite de la polymerisation dans 
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un diluant dans lequel le caoutchouc est soluble. 

29. Procede suivant la revendication 28, dans lequel le diluant est choisi dans le groupe consistant en hydrocarbures 
aliphatiques et hydrocarbures aliphatiques en melange avec du chlorure de methyle, du chlorure de methylene, du 

s chlorure de vinyle ou du chlorure d'ethyle. 

30. Procede suivant Tune quelconque des revendications 24 a 29, dans lequel le reactif comprend en outre une portion 
lyophile soluble dans le diluant de polymerisation. 

10 31. Procede suivant Tune quelconque des revendications 24 a 30, dans lequel le reactif fonctionnel est capable de 
stabiliser le caoutchouc polymerise produit en suspension. 

32. Procede suivant la revendication 31 , dans lequel le reactif fonctionnel est un agent lyophile multifonctionnel. 

15 33. Procede suivant la revendication 32, dans lequel I'agent lyophile multifonctionnel comprend un polystyrene com- 
prenant une fonctionnalite halogene cationiquement active, ou un polymere trisequence styrene-isoprene-styrene 
hydrohalogene. 

34. Procede suivant la revendication 33, dans lequel le polymere trisequence a une moyenne numerique du poids 
20 moleculaire de 100 000 a 300 000, le bloc polyisoprene central avant hydrohalogenation represente 1 a 10 pour 

cent en poids dudit polymere trisequence et, apres hydrohalogenation, contient 0,1 a 1,0 pour cent en poids 
d'halogene. 

35. Procede suivant la revendication 32, 33 ou 34, dans lequel est presente au cours de la polymerisation une quantite 
25 de 0,3 a 3,0 pour cent en poids de I'agent lyophilise multifonctionnel sur la base des monomeres a polymeriser. 

36. Procede de production d'une composition repondant a la definition suivant Tune quelconque des revendications 1 
a 23, qui comprend la conduite de la polymerisation du caoutchouc dans deux ou plus de deux zones de polyme- 
risation et le melange des produits desdites zones. 
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37. Procede suivant la revendication 36, dans lequel les zones sont presentes dans un seul recipient de polymerisation. 

38. Procede suivant la revendication 36, dans lequel les zones sont presentes dans deux ou plus de deux reacteurs 
de polymerisation fonctionnant en parallele ou en serie. 

39. Composition suivant Tune quelconque des revendications 1 a 23 ou produite par le procede suivant Tune quelconque 
des revendications 24 a 38, lorsqu'elle est constitute d'un caoutchouc de polymere butyle, d'un caoutchouc de 
copolymere butyle halogene ou d'un de leurs melanges, lorsqu'elle est sous forme, ou utilisee pour la production, 
d'une chambre a air, d'un calandrage interieur de bandage pneumatique ou d'un flanc de bandage pneumatique. 



40. Composition suivant la revendication 1 et comprenant une fraction lineaire et/ou ramifiee de haut poids moleculaire 
d'un caoutchouc d'homopolymere d'isoolefine en C 4 a C 7 , d'un caoutchouc de copolymere butyle ou d'un de leurs 
melanges, ladite composition, par rapport a un caoutchouc de copolymere butyle essentiellement lineaire, presen- 
tant une relaxation de tension plus rapide d'au moins 5 % a une resistance a I'etat non vulcanise equivalente ou 

45 une resistance a I'etat non vulcanise superieure d'au moins 5 % a une relaxation de tension equivalente. 

41. Composition suivant la revendication 40, qui est halogenee et dans laquelle le caoutchouc essentiellement lineaire 
est halogene. 

so 42. Composition suivant la revendication 41 , dans laquelle I'halogene est le brome ou le chlore. 
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